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GOUL

17 12N AYNNN NN
MITNN-TNN Taynn

IMTNN-THh Tayn Nnlan

9995 019’0

DMNN=-THD TaynNn

YAUNN DY NYITIPON VPN DY VTN ,NDY DITIINN DIPIVAN NN NION INND
NPNN YXID NONONN TIDY DTN YT 53N NN I12NY DI NNIX MIPS32-N
MPadY ANy

INTN 1DIND DUV 1PN NI SIS X1 1IN0 YU LY ST Tpnm

$NPAN NN OXNNMN M

(m7y> . P2y2 N CPU — Central Processing Unit) 1°3290 720y NN YW vindna
: DYV NV TPHNNND W

ST2VNN NP YTI0 DNV DOPIVAN P2 NDNN IOIN — OINNMN 29N o
STAYNN 23990 TANY TN DD 172IN MINIY DN MDD WX YAIP DMNNIN 22N
.(Data lines) Y101 ™Mp DN YN ONP

NMNDN NTIPA DY ISA-5 DNNNA NDD 487 NYIAPNN TPNVY NN — NIP2N NS e
Ty >3 95 HY (enable, set, reset, preset -n) MWONN NPDI NV
NP2 NP DOXIPI TAYNN 2223731 TAN D5 NIPAN NN DIRIPY DINPN D
.(Control lines)

$99NN =N Ta¥N Y DINNIN 29N YININA D002 MNIPY

ACPI=1:7% Tayna ,9m199) NTIPO 999 TNN NYYW MND e

SRR YW NTNNA DIDNND DIAYPIN 0X1>9900 TAN 99 YW MANONNN 0T e
(19112 TIIND MIAYONND YA 299 YaAPI NWWN MNN TOY ONNNI)

NNN DY Y8INN (Registers File-n) DNIND NYNANNN NN YD e
.(edged triggered) YWN 91NN 102 NONN NOM
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CUVL

INMINN-TN TaynN VN

3 MIPS-n MTIPan pon P9 ¥yNIY 500N MINNN-TN TN S vindn1 Tpnm
.add, sub, and, or, slt : J¥ R-Type NON MY e
dw, sw o 2ON0Y INXIP N NIDNID DY) e

.beq, jump : NIPAN 2D NP MTIPO  °

$7aYNN Y NNNNN WX Y25V

281 PC-1 POR TIYN MYSNNI MTIPON 111220 NTIPON NN — Fetch o
ANNAD YATIN YTRN NRIPY NTIPON NIV — Decode

.DMINK DY DX957 N ALU-N NIYa NTIPon WX — Execute o

L(N2X1N5 1N NPYV) PNIIRY NYEI NIY NTIPON TIVA IN NINYINT VIDOY — Memory o

LDYMIND XN NN PNIDNTNN T 2INID TNN W MTIPIN I PoN2 — Write Back o

X
i Data
Instruction L5 Write Data Read
Memory Data 1 > Memory
—»| Read
) Register 1 REGISTER
PC [—»{Address Instruction ALU »| Address
Read FILE
Register 2 Read
Data2| 4 >
—>| Write Register r bata
< > < > < > < > —>
1. Instruction 2. Decode / 3. Execute 4. Memory 5. Write
Fetch Register Read Back
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GUUL

:jUMp NP KYY - ¥9TNN-10 Taym YW 995 Nan

SINTNIN MNVIDI NNIBY 9D TaYNN DY Y95 MANN PND

dd
4
¢Rean’te ALUSrc MemWrite| MemtoReg MemRead
Instruction Ins. [25:21] _|Read REGISTER
Memory " |Register 1 FILE Zero
pC , Read Ins. [20:16] »|Read A 4
Address Register 2 Read R Data
Instruction| Write Data 1 Memory
[31:0] Register Address
Read
Write ) 4
RegDst _>Dar;ae Data 2 Write Read
Data Data
7y
Ins. [15:0] 16 ‘@ 32
"\ Extend
Ins. [5:0]
ALUOp
;jump 5199 591 - SMNNR-TN Ta¥I YV S99 Nan
SIRTIN MNVID NDIBY 19D TAYNN DV D5 MM POND
Jump 28 32
26
4
dd
4 Ins. [25:0]
L Branch
\
Control‘I
Unit |
/I ¢Rean’te ALUSrc MemWrite| MemtoReg MemRead
Instruction Ins. [25:21] _|Read REGISTER
Memory "|Register 1 FILE Zero
pC | Read Ins. [20:16] »|Read A 4
Address Register 2 Read N Data
Instruction Write Data 1 Memory
[31:0] Register 4 Address
Read ’81
Write Data 2 4
RegDst | 1 u Write Read
Data
2 i DataData >
7
Ins. [15:0] 16 ‘G-gh 32
"\ Extend
Ins. [5:0]
ALUOp
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GOOL

DNINN-IN TaYN HY NIPAN MNP VRN

Ins. | Opcode RegDst ALUSrc MemtoReg RegWrite MemRead MemWorite Branch Jump ALUOp
R-format 0 1 0 0 1 0 0 0 0 10
Iw 35 0 1 1 1 1 0 0 0 00
SW 43 X 1 X 0 0 1 0 0 00
beq 4 X 0 X 0 0 0 1 0 01
jump 2 X X X 0 0 0 X 1 XX
$MNN-TN Tayn by NYPaAN MNP VYN
Signal Name Lm(eb\i/t\g)dth Reset (0) Set (1)
The content in Write Register ($rd) is
. o replaced with the new value (from
RegWrite 1 No write is allowed ALU or Data Memory according to
command).
The cell in Data Memory at Address
MemWrite 1 No write is allowed opens for writing (replacing the
current content with the new one).
. The cell in Data Memory at Address is
MemRead ! No read is allowed output through Read Data data-line.
RegDst 1 The register destination is | The register destination is rd
rt (Ins.[20:16]). (Ins.[15:11]).
ALUSTC 1 Second ALU operand is S_econd ALU operand is the 32-bits
the content of rt ($rt). signed extended Address value.
Content to write back to Content to write back to Register File
MemtoReg 1 Register File is from ALU. | is from Data Memory.
PCSIC 1 Next instruction is at: Next Instruction is at:
PC + 4. PC + 4 + 4*Branch target address.
Jump 1 Next In_struction is Next Instructi_on is at:
determined by PCSrc. PC + 4 + 4 * jump target Address.
ALUOp For: ALUOp[1:0] = 00: ALU performs addition.
(Secondary 2 For: ALUOp[1:0] = 01: ALU performs subtraction.
Control) For: ALUOp[1:0] = 10: ALU performs the funct operation.
:ALU control lines = 5%3wn 992N P
Instruction ALUOp Instruct'ion Funct Field Desirec_j ALU ALQ control
Opcode Operation action input
Iw 00 Load word XXXXXX Add 0010
SW 00 Store word XXXXXX Add 0010
Branch equal 01 Branch equal XXXXXX Subtract 0110
R-Type 10 Add 100000 Add 0010
R-Type 10 Subtract 100010 Subtract 0110
R-Type 10 AND 100100 AND 0000
R-Type 10 OR 100101 OR 0001
R-Type 10 Set on less than 101010 Set on less than 0111
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GAS

NN -TN TA¥N DY MNHION MNIN’

M

MIAND OPYVIVAOTIN e

NN

NP2 NOYINRD DTIPAD NYWN NN DX DIRNND YOIY PPN OVIN XIN NTIPO NI DT e
NYVN NINHD DIV JNININ NN IO TUN INY MPNN MTIPD PY 7D APy
STAYNN DY MDYIN MW Y TIWUN IAT — PN

YV MM TYNI NNX DY DPNIINN DX J0 TN Y92 wHnwnd 1) e
12708 (MTIPA YTIRDD 11HD) DIHNDN DOPIYAL NN YINYW MYNTI MTIP 199
AN TR NN I D22PW 92T — YW ONNN 190N TYNI Y8INND

YTV 925 ALU-N 9WND add 15592 vy ¥ 1YY DTN — NOTIY NININT WY e
I N9 NN YNaY

TN ININD 127N D9 TN Data Memory-9) Instruction Memory-2 399730 Npon e
12X DN IXRIP D) TAX MNINNA PNII7ID NYHD MIVANX NN (THX 2739) PNION
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GUUL

YNV

101D 99Y P02 NPT MYNY

SN NYY TN NONIND NNNDN DTIP NI NONYN YOYON T YD1 (1
YNINY NIPAN ONP DIV DMNNIN ND0N NX TINDN VIVIDA IO W
XAR0Y W WIT N TIVD DN MMPN .NIPN D32 Tavnn

: PC =480 9wND NYapnmn NNAN MDIANONN NTIP .N

add $17, $18, $19

Jump 28 32
26
4
dd|
4 Ins. [25:0]
L Branch
\
Com:rol‘I
Unit |
I .
_/ ¢Rean’te ALUSrc MemWrite| MemtoReg MemRead
Instruction Ins. [25:21] |read REGISTER
Memory "|Register 1 FILE Zero
. v
pC | Read Ins. [20:16] »|Read —
Address Register 2 Read > ata
Instruction| Write Data 1 Memory
[31:0] Register ) 4 Address
Read ’81
Write 4
RegDst | 1 Data Data 2 u Write Read L,
1 DataData M
u
7y M
Ins. [15:0] 16 ‘G-gh 32 0
"\ Extend
Ins. [5:0]
ALUOp
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:$20 = 15 ND>NNA TUND NXIAN MWANONRN NTIPS .2

addi $20, $20, 84

beqg $8, $9, 0x7B

Jump 28 32
26
4
dd
4 Ins. [25:0]
L Branch
\
Com:rol‘I
Unit |
I .
_/ iRean’te ALUSrc MemWrite| MemtoReg MemRead
Instruction Ins. [25:21] _|read REGISTER
Memory "|Register 1 FILE Zero
| Read Ins. [20:16] ol Read A 4
Address Register 2 Read N Data
Instruction| Write Data 1 Memory
[31:0] Register 4 Address
Read ’81
Write ) 4
RegDst | ] Data Data 2 u Write Read
X
1 DataData
7
Ins. [15:0] 16 ‘G-gh 32
"\ Extend
Ins. [5:0]
ALUOp

: PC = 0x00608004 TWNI N22PNN NINAN MWIANONRD NTIPS )

Jump 28 32
26
|\1/1
4 '\9' M
dd u X
X 0
4 Ins. [25:0] 1
N Branch
\
Control‘I
Unit |
/ )
_/ ¢RegWrite ALUSrc MemWrite| MemtoReg MemRead
Instruction Ins. [25:21] _|Read REGISTER
Memory Register 1 FILE Zero
| Read Ins. [20:16) Read A 4
Address Register 2 Read N Data
Instruction| Write Data 1 Memory
[31:0] Register 4 Address
Read I\L}I
»| Write ) 4
RegDst Data bata 2 u Write Read
x >
1 Data_Data
7}
Ins. [15:0] 16 ‘@ 32
“\Extend
Ins. [5:0]
ALUOp
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: PC = 0x216072EC TWND N22PNN NXAN YIANORN NTIPS .7

j 0x3A50C0

Jump 28 32
26
4
dd|
4 Ins. [25:0]
L Branch
\
Com:rol‘I
Unit |
I .
_/ iRean’te ALUSrc MemWrite| MemtoReg MemRead
Instruction Ins. [25:21] _|read REGISTER
Memory "|Register 1 FILE Zero
. v
pC | Read Ins. [20:16] »|Read —
Address Register 2 Read > ata
Instruction| Write Data 1 Memory
[31:0] Register 4 Address
Read ’81
Write ) 4
RegDst | ] Data Data 2 u Write Read
X
1 DataData
7y
Ins. [15:0] 16 ‘G-gh 32
"\ Extend
Ins. [5:0]
ALUOp

:$16 = 0XABCD1234 N2>NN2 TUNRI NNAN MANONRD NTIPY 1N

ori $16, $16, OxFOFO

Jump 28 32
26
|\1/|
4 |8| M
dd u X
X 0
4 Ins. [25:0] 1
N Branch
\
Control‘I
Unit |
/ .
_/ ¢RegWrite ALUSrc MemWrite| MemtoReg MemRead
Instruction Ins. [25:21] _|Read REGISTER
Memory Register 1 FILE Zero
. v
b N Read Ins. [20:16] »|Read Dat
Address Register 2 Read N ata
Instruction Write Data 1 Memory
[31:0] Register 4 Address
Read 0
Write M ) 4
RegDst | ] Data Data 2 u Write Read
x >
1 Data_Data
7y
Ins. [15:0] 16 ‘@ 32
“\Extend
Ins. [5:0]
ALUOp
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s1t $15, $10, $5

GOOL

DOYANON NTIPO )

Jump 28 32
26
4
dd|
4 Ins. [25:0]
L Branch
\
Com:rol‘I
Unit |
I .
_/ ¢Rean’te ALUSrc MemWrite| MemtoReg MemRead
Instruction Ins. [25:21] _|read REGISTER
Memory "|Register 1 FILE Zero
_|Read Ins. [20:16] | Read A4
Address Register 2 Read N Data
Instruction| Write Data 1 Memory
[31:0] Register ) 4 Address
Read ’81
Write ) 4
RegDst | ] Data Data 2 u Write Read
X
1 DataData
7y
Ins. [15:0] 16 ‘G-gh 32
"\ Extend
Ins. [5:0]
ALUOp
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GUUL

DXYITIN NIPAN MNP XY NN NININ NADINA TPHM N NORYL (2
SNONN DTN INAD MIN PPIRY MTIPO VINdID
.(Load Upper Immediate) lui nTyp9 .N

IMN NV immediate-N DTV TIVD IR DNPID lui NTIPS , MDD
DYAM>D ,YapNNN OOV 32-N 12, TIVN DX .INTP MMPN 16-2
.(rs = 0X0 YWUNI) rt TN MIND

,NOVNY TAYNN OIWIND DIRNN NP2 IPY NININ IDIN

: INAN NTIPAN IN2Y DNMN DD NIPAN NP DIV NX NN

Jui $15, OxAAO00 # The number OxAA000000 is Toaded into $15

Jump 28 32

PCSrc
2 éﬂp —1
4

"
o (AINE:
dd > u o
X
4 Ins. [25:0] ) Add] 1
o [ Shift
“\left 2,
N Branch
\
Control‘I
Unit |
/ .
_/ ¢RegWrite ALUSrc MemWrite| MemtoReg MemRead
Instruction Ins. [25:21] _|Read REGISTER
Memory Register 1 FILE Zero
. v
b N Read Ins. [20:16] »|Read Dat
Address Register 2 Read N ata
Instruction| Write Data 1 Memory
[31:0] Register 4 Address
Read I\L}I
Write Data 2 ) 4
—>|
RegDst Data ‘[ g
1

oxc e

Write Read_>
Data__Data
7}
Ins. [15:0] 16 ‘@ 32

“\Extend

Ins. [5:0]

ALUOp
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GOUUL

.(Branch if Not Equal) bne nTyp9 .2
NP NYNANY OXIMNIN NV DY DXDIYN P2 NN bne NTIPD ,MNDND

MDY DMV KD DIIIYN DX P NINK TY NINDD

.beg-> NNYOYOVNN NTIPON NN N 12D IOV
NN NN, NVND TAYNN OIWIND DIRNN NP2 IPY NN IDOIN
NN DTIPON MY DN ND0M NIPAN MNP 1D
.PC = 0x43000208 »> "1

bne $15, $14, 0xB013 # if: ($15 != $14)
# then: PC = PC + 4 + 4 * 0x00008013
Jump 28 32
PCS
% — rc
"
4 1_) |8| M
dd N u E()
4 Ins. [25:0] ) Add i
[ Shift
“\left 2,
N Branch
\
Control‘I
Unit |
/ .
_/ ¢Rean’te ALUSrc MemWrite| MemtoReg MemRead
Instruction Ins. [25:21] Read REGISTER
Memory "|Register 1 FILE Zero
ool L, |Read Ins. [20:16] | Read D"
Address Register 2 Read > ata
Instruction| Write Data 1 Memory
[31:0] Register 4 Address
Read I\L}I
Write Y
RegDst _>Data Data 2 g Write Read_> 1
1 Data__Data M
u
7} X
Ins. [15:0] 16 ‘@ 32 0
“\Extend
Ins. [5:0]
ALUOp
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GUUL

$7AYNN MY NN MNP MHN OY MINY

LoadSum NXIPIY NTIPO VN MY DIXAN NIPAN NP O (3
.(single cycle) >MtNn TN NTIAY 1PINA TAIYN MIPS Tayna

RegDst ALUSrc | RegWrite | MemWrite | MemRead | MemtoReg
1 0 1 0 1 1

Branch Jump ALUOpl | ALUOpO
0 0 0 0

: DYNAN DXYON DY NY NORYN YDAV YNINN-THN TIVNN DIWIND ONMNN
1INDY 12N> DYDY 1PN TLoadSum NTIPON NYNIN NN (1) .N
AP 1LoadSum NTIPAN NIRNND VNN NHVRD (2)
: DY NYNANN LoadSum NTpPany NniNa .a
17 N0 ($rs) [25:21] 120N TW -
.18 NN ($rt) [20:16] N2YON TIW -
.19 N0 ($rd) [15:11] ny2dX0N TW -
.2224 12701 NXYN) 88000 1752371 NAINOA -
DY MIND 2PN $18 MNINN TV 36000 NN $17 MIND TIY TWNRD
D02 LoadSum NTIPAN M2Y 19711 YD TIVN M7 NN ,52000 XN
MYV IMNNN

Jump 28 32
PCSrc
2 @ —1
4

dd| [ >
4 Ins. [25:0] . Add|
o [ Shift
“\left 2,
N Branch

\
Control‘I
Unit |
/ .
_/ ¢RegWrite ALUSrc MemWrite| MemtoReg MemRead

Rk xc Z0)

Instruction Ins. [25:21] _|Read REGISTER
Memory Register 1 FILE Zero
. v
b N Read Ins. [20:16] »|Read Dat
Address Register 2 Read ata
Instruction ) Write Data 1 Memory

[31:0] el Register Address

Read

<

Data

Ins. [15:0] 16 ‘@ 32

“\Extend

‘»—\xcgc}‘
A 4

RegDst | 1 Write Data 2 '[

Write Read L,
Data__Data
7}

oxc e

Ins. [5:0]

ALUOp
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GUUL

ALUOp

Save2Mem NRIPIY NTIPO VINGD TN2AY DOXNIN NIPAN MNP OONNY (4
.(single cycle) »M1Nn TN NTIAY 19INA TN MIPS Tayna
RegDst ALUSrc | RegWrite | MemWrite | MemRead | MemtoReg
0 1 0 1 0 0
Branch Jump ALUOpl | ALUOpO
0 0 0 1
: DYNAN DXOYON DY NIY) NONYN OV OININD-THN TAYOIN DOVYINY YON»NN
1Save2Mem NTIPON NYNAN NN (1) N
TIPON NN TV 1N VNN NPND (2)
PN 992 ANINNDD NIPAN MNP YW DN 10 TN DN DNWNH .2
APNY N IN NN NTIPON DR IWYIAP
.RegDst=1 (1)
.RegWrite =1 (2)
.MemWrite =0 (3)
.OXFFFF DN NT1P91 [15:0] N»2>0N 7y )
AP0 PIN INR )2 DN 17PPIN NTIPON ORN
Jump 28 32
% — PGrc
T
&I —
dd > v
4 Ins. [25:0] - Add i
>\left 2,
N Branch
\
Cont.rol‘I
Unit |
/l iRegWrite ALUSrc MemWrite| MemtoReg MemRead
Instruction Ins. [25:21] Read REGISTER
Memory "|Register 1 FILE Zero
. |Read Ins. [20:16] 3| Read A4
pc | Address "|Register 2 Read R Data
Instruction| Write Data 1 7 Memory
[31:0] Register 4 Address
Write g:;dz ’\L}' b 4
e {% Sﬁm»@
Ins. [15:0] 16 ‘@ 32 3
"\ Extend
Ins. [5:0]

14
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GAS

L IIND NPNPIININ MINY

TN MIPS Tayn Y¥ ALUOp0-Y ALUOp1 NY2>0n 1090 19w apy (5
MTIPON 19N .ALUOpP1 = ALUORO : D»PRNN NYI) MIEPRN MINNN
M7V MTIAYN NS MINAN

1252 R-Type .N

L7292 Beq .2

L1292 sw-Y lw TP )

7292 beq NP R-Type MMpPo .7
2220 MTIAYN MTPON DD .0

Register File-nn DXNSNMY NN VPOT AN DNIDN MNHD TN Tayna (6
2 1ON .Read Data2 X310 DY 9oNNN Read Datal X170 .DNY 195NNN
127X MYNINN MNXIN MTIPAN

dwnmps X

SWNTIPO .2

275 MYNANN R-Type NON MTIPO P )

VNN NN TN TAVHY MTIPON DI DY DY Wwavwd KD a1 .7
.beg-y jump MTPa P N

L1253 sltY Iw, sw MmMpo )

WNINIY ALU-N DTN NIV branch-n NP9 >Nn-T1nn ooNmn 2oma (7
DMV NNDNIIY DXMIND YW DTN zero PN NPYTNM NONN WIN
(Y PPN MINTNA YSINN TN NAINDD PC-N DY N¥9PN ,zero = 1-1 NTNI

CTIND N9 NN XN ALU-D Y77y NYNIAND NONN DO N
NI 1991 PC+4 -5 19Ty PC-n 77y DIVA POT» zero NIPAN WP 192
.19 TN NAINOY WA

2NN zero DY TIWNY INKRD P P5T) Branch NIpanp .a

,zero = 1 DN 23 zero = 0 OX P2 ,PC-N TINY TN YW NNON )
YV NDOYS DDA P NYNINND

YO A5 H-Y A MAwN LT
DN MAWNN Yo .

N2INDY NXAPNV PNV PRI NN NN H7IN MAWNN 1D NNN N )
DOONIMN MINTNA YSINN TN

J
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GUUL

MP2INMDY PNINN-TN TAYN 7Y MYNIANT MTIPO NOOID NONDN MION (8
: DYNAN DXONN YD
.R-Type M1 45% -
dw Mmpe 5% -
SW MTIPO 15% -
.beq MTPS 30% -
Jump MTPo 15% -
10 Dy pyny ALUSIC NP2 2 Ty DNV NYYN M INTNN HINK NN
50% .N
75% .2
45% .)
65% .71

NTOM NN NYD) NYPIPNN MINNN-TN TAYN DV sign extend-N NN (9

$17 =-12, $16 = 40 : 5 YT .MM2N NMION 16-1 7251 OXTNNA
PPN NN YNINN KD NTIPOIVN

or $17, $16, $17 .N

Iw $16, -12($17) .2

add $16, $17, $16 .»

sw $16, -12($17) .7

Iw $16, 12(317) .1
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GUUL

273V MDY Y NN MNIDN MINY

YRV 9ID2Y DXYIN ININDD YNINN-TN Tayn NN (10
.and $8, $9, $18 NTIPON NNRXMI N73232 0x8400 NNMvWA -
$1 NN ONN (Register File) DIND ¥AP102 MIX DI DY 1DINN D PN -

AN 1900 NI NumReg TWN NumReg? —(NumReg —1)” : NI

.52 —(5-1)" =9 : TIYN KDY $5 NI 1 NINTY
: DN DXYON Iy 1Y

INODINTOPN MDD 8-2 and $8, $9, $18 NTIPON SW TYPPN KIN NN

16-2 Y2000 PN TIY NXIN NN 2090 NTIPON MIXd ToNna

% TIVA VIDOY YW DN

17-2 Y270100 PN T XN NN L2080 NTIPON MINI ToNna (1)
173 TV VIDOW W DN

11990 DY H2PY NANY TIY NN (2)

17 3p2v TN O NN

11Hpav TN i NN .

wanwn and $8, $9, $18 NTPON DY TYTPN NNON NYPN APY
N PYDI 2AVINY N3 DIPN2 0x01323024 NIN TaYNY DI TP
7TV NVNRDY NNY DINIAN OINNIN MNPN DN

N
A

J

Jump 28 32
26
4
15
dd|
4 Ins. [25:0]
L\ Branch
\
Control‘I
Unit |
/ .
_/ ¢Rean’te ALUSrc MemWrite| MemtoReg MemRead
Instruction ins. [25:21] 3 |peaq REGISTER
Memory . "|Register1 FILE Zero
. v
o _|Read Ins. [20:16] »|Read T
1 Address '81 Register 2 Read N Data
Instruction| 2 u Write Data 1 1 Memory
. X .
[31:0] 4 1 Register 9 X ALU Address
5 Read ’81
Writs 4
RegDst De:tlae Data 2 g = Write Read _13>
1 DataData m| 14
X M
X
Ins. [15:0] 6 16 ‘G-gh 32 8 AU Y

"\ Extend
control

7

Ins. [5:0]

ALUOp
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CUVL

YRYN NID2 DXVYIN ININDD ININN-TN Tayn NN (11
Iw $6, 400($18) NTIPON NXNMII NID232 0x5408 NNIVWA -
.0x1BOC NN $18 MmN XNV 1IN -
INDINDD INY RN D2 TIVN 22) NI TN D30 NWID 1N M INNDN -
.MSB-1 N2°0 3 M2y DYDINI TIDI) NN NPDD 3-2 MINN
$INTY
: TINAN N2INON NN 92> 0X98A3 ININOY NN
Hex to Bin Representation: 1001 1000 1010 0011
Shifted Left Value by 3 bits: 0001 0011 0001 0100 841
.0001 0011 0001 0100 = 0x1314 : >N 121NN IO
: DYNAN DXOYDN DY 1Y
IMPONINTOPN M9 8- lw $6, 400($18) NTIPON DY TYPPN NN NN .N

116-2 Y210 PN TIY NIN NN ,9¥9 NTIPON MINA Toma .2
Y TIVA VIO WO DR

11 IP2 VINOYW W DX 19-2 IDI0NN PN TIY XIN NN NYTY I ONN
NMYNYN NN 1111PN DY 5P NANI TIY NN
NMN NI DN 114 3PV TN P NI .

2P0 95 TI9M DIPNA 1-1 TIO*I YNIN sign extend-N PIDA ,NOPN APY
WRVIY DONPN PN ONP DN INTIPON VINA DY WaY 7277 T8O
NY2P> 0N T NN 1007 NX NV’ DINTIPN DXYDI
,1 N°0 Instruction-n NTW YW LSB-N M0, NINK NOpN apy 3
199200 1NTIPON VI DY Wawd 927N T3 .Instruction[0] = 1 : 999>
LDMPN Y AR AYNT TNN PR 55 19N

J 4O o

.
—t

Jump 28 32
26
4
15
dd|
4 Ins. [25:0]
N Branch
\
Control‘I
Unit J
/ .
_/ iRegWrite ALUSrc MemWrite| MemtoReg MemRead
Instruction ins. [25:21] 3 |pead REGISTER
Memory a Register 1 FILE Zero
Ins. [20:16] Yy
pC 5| Read [ | »|Read i P
2 Address Register 2 Read N ata
Instruction 2 Write Data 1 1 Memory
[31:0] Register 9 X ALU Address
Read 0
Write M h 4
RegDst | ™ in Data 2 u 22| \vrite Read_B> 1
1 Data_Data M [ 14
u
7y X
Ins. [15:0] © 16 m 32 8 0
[ ] o[ Sign ALU

“\Extend
control

Ins. [5:0] 7

ALUOp
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GUUL

SW $4, -92($8) : NN NTIPAN NN YN M NINN-TN Tayn (12
.0x20200 NN 8 MIN DV 10NN

MTIPON DV TYTPN NN NN N

YA NTIPAN PINTN TIWNL NDINDIDND (1) .2
carryout[31] : ALU-N1 NINNPN NIPAN N0 OXRN (2)

1PON ONMONND W TN )0 ON 1PYTN arithmetic overflow-)

.DYDIANIA P TN THIN sign extend-N 2>99 NHNION NYPN APY L)

TIPON YIANN PON NI RNN NAIND DY YW 9271 ORN

: DN IYIAPNNY NIPAN NP ,NINN NOPN APY .7
APNY 1INYD NTIPON YNIN N

RegDst ALUSrc | RegWrite | MemWrite | MemRead | MemtoReg

1 1 1 0 1 1
Branch Jump ALUOpl | ALUOpO
0 0 1 0
Jump 28 32
PCSrc
2 —D Y
™M
4 1_) '\9' M
dd > u o
4 Ins. [25:0] ) Add i
o [ Shift
“\left 2,
N Branch
\
Control‘I
Unit |
/ .
_/ ¢Rean‘te ALUSrc MemWrite| MemtoReg MemRead
Instruction Ins. [25:21] _|Read REGISTER
Memory Register 1 FILE Zero
. v
b N Read Ins. [20:16] »|Read Dat
Address Register 2 Read N ata
Instruction ) Write Data 1 Memory
[31:0] Sl Register 4 Address
Read 0
Write M v
RegDst | ] Data Data 2 ;J Write Read L5 1
1 Data__Data M
u
7} X
Ins. [15:0] 16 ‘@ 32 0
“\Extend
Ins. [5:0]

ALUOp
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GUUL

NN DOYNIN 12) DNDN NIPHD NNHPNNN TAYY X NTNN-TN TIYHN PN /N 9PN (13
75 (Data Memory-1) 11129231 2°999 MD2ON VPN NX DIDNN : XA NPV
0NV OYTIDN 13210 ONYA NMINY Address-D) Write Data-> 119250 Nyov
TMTIPO 1PN DY) 1T2YNN NOW 5 Wavn 5730 VIPNN T N
N PN 0IMONN add-N 2>99) shift left 2-n 2>59 2 0) DONN ,qON2 .2
J2 982 MY M A,B,C,D-2 MIMDN MUnon . Mpnpnn NP N Nona
172010 MDA DY WAYd 127N TND
.DONIN NIPAN MNP XITY DY NINDN NTIPO DOYNIN )
:NYNAN NTIPON NN IWYIAP
(D29P1N 2 YO NIRYN NIYNNL IININY DNV 5 > INNN)

RegDst ALUSrc | RegWrite | MemWrite | MemRead | MemtoReg
0 0 0 1 0 0

Branch Jump ALUOpl | ALUOpO
1 0 0 1

.0xAD100111 : NN2N NTIPAY DIMINRNI /) PYDI DOWNNY NIPIAN MNP 2D INN T
$rt = OXF1F1 9Xaw 19NN $rs = 0x0 MINAY 1D9INN
9231 2n99aw 0x101000 NN NNRNNI 90 NTIPON
APNI .NYSAN NTIPON NN 120N NI 2NN D30 NWHD 1) 2D INNN

"\ Extend

Jump 28 32
26
4
dd
4 Ins. [25:0]
N Branch
\
(Zontrol‘I
Unit |
/ )
_/ iRean’te ALUSrc MemWrite| MemtoReg MemRead
Instruction Ins. [25:21] Read REGISTER
Memory "|Register 1 FILE Zero
. A4
o N Read Ins. [20:16] »|Read Dat
Address Register 2 Read N ata
Instruction| Write Data 1 Memory
30] Register ) 4 ALU >l Address
Read | | l\o/I
Write ) 4
RegDst | 1 Data Data 2 g N Write Read L5
1 Data_ Data M
u
X X
Ins. [15:0] 16 ‘G-gh 32 @ g\

Ins. [5:0]

ALUOp

L T e
i |
Al !
=+ |
! |
I, 3
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Y0 MAIVN

ANTNN MIVIDA DY IO INT (1
PN 532 POIND WY NIIND NN INTINMMVIDIINY (2
$rd = Mem[$rs + $rt] : nyNan NTIPON (1) .X - (3
DYMIND XAPND NND NHPPY NN R-Type NON XN NTIPON (2) .N
LDIMIN 3-2 VIDIY W
.2224 N> MNN [15:11] 112200 (19) MINRNNN NNV MIN .2
Mem[$rs - Immediate] = $rt : nyNIN NTIPON (1) .NX (4
Immediate 7Y NY YW NN 1-Type VNNAY NIRNN NTIPON (2) .N
LD IMNIND NAPNY N2XND PN I D MIN MY VIV
LD IMND NAPNY DXAMD XY M MY PN (1) .2
St MIND TIND Q0N 2ND» $rs-$rt NOINN DV TIVN - NV W (2) .2
.17192%9 NOY $rt MIND KD) 59D NND YSINN XD -V W (3) .a
OXFFFF 7931 Y0P $rs O¥ 1917 ON .$rs - Immediate : XN yNINNDN NONN )
1123 NOYW NI12212 DI NIND 22INT MVY MY .2-D DOIWNI 8PN ODMOW 1901 52P)
.[0X7FFFFFFC:0x10000000] : ©YNN2 M12IN3Y P 21N 117 ,OM91 .OMDN N30
N MIND RN NI DY 52510 91D $rs-v 0¥IyN 190
.[0x8000FFFB:0x1000FFFF] : ON

(s

(6

2 (7

A (8

(9

(2 1w PN) 000010090 .2 0x01324024 .X (10
.PC+4=0x8404(2) > .2 vimov PN) 0x00018494 (1) .»
.0x1.n 0x24 .7
.0x1:113p2 ,0x24 : 7 P2 ,0xC090 : 16 1P )

.02 vindv pPX) 0x00000640 .2 0x8E460190 .N (11

22 WINOY PRI NYTD MIVAN PN )

12NN AR TIVNT NN NHNN DM NI XNN DY NINDN) 0x00001CIC .7
(6 MND AND) YN DM P13 N POX XN 19I1N) 00393 .0

22 VIIY PRI NYTD VAN PN : 9192 (WY PR) OXFFFF0640 : 16192 )
OXFFFE394 : 14 Yp2 ,(D>)1)N N2 NWTNN N2IN5N) OXFFFFLCIC : 1192
PN RO NTIPON 199 4-2 PONNN RO address-N TV .3
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GAS

0x000201A4 (1) .2 OxADO4FFA4 .NX (12
APON ONMNND PN TN MIPYTN NPDON (2) .2
PNV WOINN IRNINY NION2 RD TR NP DY NN Carry[31] 20
, )70 MY DM9DN MY DMIANN IWNRI P NPVMDI overflow-1n 720
Y0 MY DMI901D DI12NN NN IND)
.0x000301A4 : 21125 M9 .12 .)
TIY NN INOM OXFFFFFFA4-Y 0x20200 ©>99y1 12 AND y8an nTipan .1
.$31 = Mem(0x20200) : 99195 ,31 IMIND M
.$rd = $rs - N YaAP) : R-Type MTIPS .N (13
t=9:2n5» 1917 $rs NN ININOY NN WIN) : lw NTIPD
ANOSMY TIVN $rs NN INNIY RND WIAN) :sw NTIPD
ALUSre = 1 may $rs + offset 38 ALUSrc = 0 M2y $rs + $rt : XN
N XD jump-Y beq MTIPO
: DYTIPAN PNID22 NINAN NTIPAY X193 (branch TIPS YY) beq NTIPS .2
.Qump =0, Branch =1 : 9wN3) PC (new) = (PC + 4 + offset) X 4
1POINM $rs ININOY NNY 2INII .sW NTIPAD DMINNNI NIPAN NP )
$rs - $rt Xy Ano»Y
.PC (new) = (PC + 4 + offset) X 4 : nTIPY X193 N $rs = $rt ON ,90N2
.OXFFFFOEQF : 12)NN NN N2MDY DMIMN NI NN NYNIN NN .7
0x00404454 N2IN52 NTIPAD X192 TN IMNY 77 $rt-) $rs HW 191NN ON
TIPON PO
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GUUL

2NTNN-TH TAaynN WiXa Naoyvn

9995 09’0

sec

.CPUTime=ICxCPIxCCT {—
program

} :TAYN SN NOIWND WP

: DOPNN MNN-TN TN
CPI=1nTpPao35 e
.(IC const.) MIPS Tayn Sy 0w nmn 999 TNN MINNIN VD e

NP2 NOIND NTIPO2 NON NYYN MND e

sHYN

dw TIPS 193 TUN NN NI YNINN-TN TV SINNA IR T (1

;TP MINA IOV 5-5 DX TNPN DN/ MOWN (2
(I-fetch, Decode, Execute, Memory, Write Back)
(Mux, add, Sign Extend, Shift Left 2) ©»9)780 DYP1D2N DY DMININ YOV
.MONVA D) IR DO NN

% Y9YN NYav

NNONN N2V OY TIAYN NIV TAYNI NTIPA 530 DXVIMDIN DIV NX DN
YNID NPIDVY (Total) ¥5557 123N TWN NXINNI 1IYNI MINYN I TR D

NTIPO YD
. I-fetch | Decode | Execute | Memory | Write Back S
‘ Ins. Memory Read Regs ALU Data Memory  Write Regs.

R-Type V \Y V Vv

lw V V V V V

Sw Vv \Y Vv Vv
branch \Y \ \
jump \
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GUUL

:MONY

TNN D99 NPYNIWN INT NDAVI YDINV YNTINN-TN TAYN YV DOVWIN DO (1
ST2YNN DY D»NITON DPNPXN DPIYIAN N

Jump 28 32

PCSrc
2 @ —1
4

I\lll
N Y
dd > u o
X
4 . Add|
Ins. [25:0] (s 1
“\left 2,
N Branch
\
Control‘I
Unit |
/l ¢RegWrite ALUSrc MemWrite| MemtoReg MemRead
Instruction Ins. [25:21] _|Read REGISTER
Memory Register 1 FILE Zero
ool L |Read Ins. [20:16] | Read -
Address Register 2 Read N Data
Instruction| . Write Data 1 Memory
[31:0 Sl Register 4 Address
Read I\L}I
Write Data 2 h 4
RegDst | ] u Write Read 1
pata {ig_» Data_Data > "Lf'
7 5 “
Ins. [15:0] 16 ‘@ 32 0
“\Extend
ALUOp Ins. [5:0]
Instruction Register Data Sign- Shift
9! ALU Add | Mux g
Memory File Memory Extend Left 2
350ps 250ps 200ps 800ps 150ps 60ps 100ps 50ps

MTIPON 2 NNN 92 Y835 1IN DY WATIN TAYNN PIT TUN NN INSD N

NN MY OYVMIP DN DOP N2 MTIPAT .ININ
jump (4) beq (3) Iw (2) add (1)

R-Type 21010 MTPA NN PN TN Y825 TYN Taynn » NMina .2

19Y MNNNN YT 7P 1IN beg NTIPA NN

19IN YNID DNON TAYNN D MVLIDY IDN1NPN MINNN YIT P NN
IR PYDI MINY MTNIPON 90 NN PPN

B
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CUVL

172230 N9 HY NPHRYI NPYO MTIPY ISA-N LN HY NPY DWNN (2
TV DY rs MIND TIY SW NN PNIRY DY) DIPHNAY T (sw-) lw)
Dy Y28 NI sign extend-N 7122 INKRD offset NTWN TIY DR NP offset-1N
:TIPON MDD . NI TN NIIND

1w $t0, 830($tl)
: N2D MTIPON VD HY MIP-ITINDD TIONN
and $tl1, 0

add $t1, $t1, 830
Tw  $t0, $tl1

NPYN MIAPYA NIPAN MNP DNTNIN DIDDNY MYUYD ¥ NPY NN .N
: NIN DYYINA MIYN NN IOVLID 197N

Jump 28 32
26
4
dd|
4 Ins. [25:0]
L Branch
\
Con'crol‘I
Unit J
I .
_/ ¢Rean’te ALUSrc MemWrite| MemtoReg MemRead
Instruction Ins. [25:21] |read REGISTER
Memory "|Register 1 FILE Zero
. v
pC | Read Ins. [20:16] »|Read —
Address Register 2 Read > ata
Instruction| Write Data 1 Memory
[31:0] Register ) 4 Address
Read ’81
Write 4
RegDst > Data bata 2 u Write Read L,
1 DataData M
u
7y X
Ins. [15:0] 16 ‘G-gh 32 0
"\ Extend
Ins. [5:0]
ALUOp

DV NNV NPYOL MTIP NPN .YNINY NPVN DY MDD NN P17 .2
PYTSNY MVY MISP MTIPO DY N, MDIN I PIDT -9 -N YN
PONN DX NINNY DONXAN PNIVNN MNID ONONND W NPV NN
PIT NN DY MNPYN 1Y PIDTD NYIN MTIPO DY 2270710 YONN
NI NN SW NNINN
PIYND NN NPN TPAVNN NPINDN D 1N NORY NMIND 1)

Instruction memory

Register Read

ALU

Data memory

Register write

3ns

2ns

5ns

3ns

2ns
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GOOL

NIV MIAIVN

.460ps (4) 980ps (3)  1910ps (2) 1230ps (1) .N (1
.CCT =1230ps .2
.CCT =1910ps .>

ARTIN PVIO TAYNN 132N VIVIDAOWVY INT X (2
.D5NW NPYN ,Iw 3N MTIPONNI 7.7%-n MNS Ty Y5 .2

26
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