%= 3% MIPSCPU #]x% 2+
¥ - & MIPS CPU #p B 3

2 ~CPU & +#%4

Pk e %(Central Processing Unit, CPU) % Fade £ & PPos i o
Poavdod # CPU =28 s 5 [ i/ (Data Path)x T dl8 =~
(Control Unit)= 84 o FALEIT & - BAJLBETEZE - B3 (7T
}%@,@ﬁﬂ%‘r.‘# Bl AR TR ASL S A B RS ST A [18] -
e f FOR B SRS G 0 B A PR REL RN TG RS Fclh‘é
i F""m;s%ii%?%;%@%’ B F H 4 CPU g )+ 1 » £ 73 217 &
FHIE CPU K FM o ﬁ\_g.ﬁﬂi’ﬁ”g:”h GRS R R GR R e
PEFE B CPU EMARFAL TS LT <300 suld I Bjs2 B4
i & H = (Arithmetic and Logic Unit, ALU) ~ %715 % 34 (Register File) NN
2 (Memory) 2 #2 ;' 3+ #< % (Program Counter PC) » ridg 4 5 %] 5 % 4 » 3P
EAp A TR BRI > ETEREES > R BHE G- R
Sl AR o

CPU 5 dicis - B enbldg~ i o 2o iy ¥ $Hd SRl #r ik B endy £ 4
R TES B BRI E R > N ARIE I3 E
BEHE /O e EAhipple Ax1 > CPURET — Bt - Bt ahi s
oot RApdE g Bfdn £ TR oI L[18] -

MIPS CPU 4 4 £ >t 1980 4 4= #4433+ 41 > (G4 #4T 20 # dr
gk o dps B0 p £k~ 0 4 MIPS R2000 ~ R3000 ~ R4000 » 7 1 %
64 =2 MIPS R4600 i B el 3 &2 4 Z[44] > ¥ &g * MIPS it &

kA P H B FptE* MIPSCPU 29 It RkE > BRLld f ipmo

B g SRR

gy £ AL EERE S B MIPS CPU A » 7 3-8 4 3 B - prokit i)
(Single Clock Cycle) ~ % £ p=*% i¥ #f (Multiple Clock Cycles) 2 ¢ g it
(Pipelined) -
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- PRI T’ﬁ%ﬁﬁﬁﬁ%Wﬁ$@ﬁ4wk£&’ﬂ
PR AR SRR IFRFRED LR T Y SR
W dp s > FIR CRpRY D9rG het fu B ~ > Fp A8 W dp £ 3R
GreRHEE ~dp s - R B AR OEIREHE R SKT 0 #2102 CPU

A5 EREREY R L - PR By 2~ o 5 F PEIRIT Y
LR BAn 4 B g B Elihdn £ U Ft CPU BT F40ik 3 F
Tdp S EEW > o REFFY REI 5 14§ 0 CLOCK Bt > - 2
Flafd o AHME RG> FERFREY LFF RHAE A B4
P AR o FF s 2 rl a g REAPHEF L o Fpt A
3B eigEEG

— A enfp 4§ R R PR o R R
S AR ARFERY HRE AN AT AT R

AU R gy £ aRUiT L B ALk o — kR MIPS g 4
SET BF AR SR RS R FEE AP e g
4

%

EA2%kwB o F 8- ﬁ#ﬁ@ia‘ﬁ?ﬁ'ﬂ%ﬁ’%:lﬁ#p 2 dp & F B
PREF $-EHhiREFTEF FoFh i EFfpifm pRER
I 4 e B ikt éﬁa‘a’ TR R o MEE I A RNEER
EERE AL TR A sEY R BH R E A BB HF TG AR
A S S [41] -

% ~ Multiple Cycles MIPS CPU #p i s

BEZFRREHY RE O RFERENTE TR F LT 0 AR
7 %4 * Multiple Clock Cycles z. 32 Bits MIPS CPU %3+ > i F14_i&
BB EFEHRE ) ARFHAIHE LA T LY T - 5
TR YRR & A% RG Multiple Clock Cycles MIPS CPU
L

Multiple Clock Cycles MIPS CPU # # 2t f#l%]—&rl%] 3-1#777[41] > 4P B
A ke e B A A REHIEP AT
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- ~F - B eaap 3 FRE <] 5 1IByte R F32Bits 4 4 A
LA GE G o4 oM nl? o A 32 Bits 22 MIPS CPU 2 4258 3+
BE LW 40 MIPS CPU A Az e ip 2 & - e > A 4%
A% ALU fiEe o = =odn 4 33 221 39 (Instruction Fetch) 2. 7 » ALU
B TR TN ERES R EF R Edpe T - s o
hb o A IR G TR o4 HE L P e ALU_SreB ~ PC_Write 37
Tl EL AT o

-~ E % A A MIPS CPU £ 32 - 44715 % (General Purpose
Register) ~ 32 B ;523 & 4775 % (Floating Point Register) ~ 32 i # 7k 47
7 % (Special Purpose Register) » & fa#73 ® F4& & % 5 32 Bits

1 -G B0 AL d a3 ir iF Y o

2. FEEEXW G RN ABEFREL L LT N NHNR
75 2L #<(Single-Precision Floating-Point Number)i& & - @ &4 & /52
#c: 5 (Double-Precision Floating-Point Number)f| # # 2 3 ;52L&
EHEBERREY o

3%%%%$¢E?% PU P> HoR8G B g ki3 e

1 C
(Status Word) » % &2 BaF 4 b ¢h kT PF > G B 7R IR BT
TR o
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hike ALUDp
o2
emi |-I|I ||-“-_.
MarmtoRes lL !-—":
. ap agOist
4’ 154 0 .F {0
b —]1
- Jum
Instruction [25A/ 0] ‘\6@2\3 _ a:!ﬂ'Fs‘it|31-D| ) :
Instruzton i @ i
[21-26] s —“'ﬁ'rl
Instruction o |Read DM
e | il ES [2561 21) register 1 v L.
i | 1 Ternary I”Slrzag'?“ i > He?d 2 d:ea1d 1;! ] o
MemData B 0 = s}:?fglshers AU AU & | ALLICUY
Instruction W Wirite Read ?l resiit
[15aa) Instruction| U TEQIEEr  gaja 2 a0
- ::'EE Iestruetion MSA1] | * Wiits =i IR
register & dala e
Instruction (O 3
[15i 0] M
u
X
Memary 1
data 18 e 32 \
register S extq?:u coniro
Instruction [54 0] ‘
[ 3-1 32 Bits Multiple Clock Cycles MIPS CPU 2 7 i [§]
=~ dp A REHI D A G SR~ 45 4 f#45 (Instruction Decode) ~ 4

£ 3

4. 3p 4 P MceRMPN F2dp 4
(Instruction Register, IR)#r75 » IR = Memory [PC] - #dp 4
B0 ALU e Ry B 00T - i 4

5. 454 fRES i (Th 4 fRAG L TF o B oM -

A T B

& (Branch)#dp 4

?F

\\\

o &

‘!:'*%‘

’—

*

(s

7

{7 (Instruction Execution) -
(Write Back) 7 # 2 [41] -

o SR HEA T #F]

e B8 3 > (Memory Access)Z & v
EHBLIEFP 4o

Tra B
e BpF

£ i » PC=PC +4 o

’Eﬂt /p:v ALU > ﬁxﬂ‘-f’r#ﬂ T 2_3# _,E'TJ. it o Pfi—\ S
PR A PR R S L dp 4 e ik o
%*55}? 2 g % B AR f‘75f,§1 Z o kA FF'#F] B W] e

Jmﬁﬁ—wfoMPSCMJ%
IT{E!‘ A Z_4p B
?%%&ﬁﬁgg

o

o

HEH BRI E 4 4

it

RlE 7
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¥ 5 45 B (Register Type, R-Type)
ALUOut = A function B & & o




c. AA4p4 1% A=B RIPC=ALUOUt: % & & 4 45 4 st 7 -
d. B+EE4; £ (Jump, J-Type) © PC = PC[31-28] || (IR[25-0]<<2) -

\F,

DT ERMEBIL G R A LA

HEH B R AL 31907 o B ERFIEER LE P 4ok 32 4 o

% 3-1MIPS CPU 45 4 44 {7 2t %

ey
o - A R-Type 5 % el AR M dp 4 Branch 45 4 Jump 45 £
7 A
. IR = Memory[PC]
ip & &P~ PC = PC +4
A= Reg[IR[25-21]]
ip % 255 B = Reg[IR[20-16]]
ALUOut = PC + (Sign-extend (IR[15-0])<<2)
If (A==B)
. - ALUOut=A+ PC = PC[31-28]
R ALUOut=AopB . then
sign-extend(IR[15-0]) PC = ALUOUL I (IR[25-0]<<2)
N . Reg[IR[15-11]] = Load: MDR = Memory[ALUOut]
iR ALUOUt or
Store: Memory[ALUOut] = B
! Load: Reg[IR[20-16]] = MDR

% 3-2 MIPS CPU #; £ 1 A4l sk 2.4

Signal Name | Value Effect
MemRead 0 None
1 Contents of memory at the read address are output on read data out
MemWrite 0 None - -
1 Memory contents at write address is replaced by value on data output
ALUSICA 0 The f!rstALU operand is the PC _ . .
1 The first ALU operand comes from the register given by the rs field
00 | The second ALU operand comes from the register given by the rt field
ALUSICB 01 | The second ALU operand is the c_onstant 4 _
10 | The second ALU operand is the sign-extended bits [15-0] of IR
11 | The second ALU operand is the sign-extended & shifted bits [15-0] of IR
00 | Addition operation
ALUOp 01 Subtrgction operation .
10 | Function depends on the contents of the code field in the IR
11 Undefined
RegDst 0 The dest?nation reg?ster comes from the rt fi_eld of the IR
1 The destination register comes from the rd field of the IR
RegWrite 0 None — - - - -
1 Enables writing the register given by the write register number
MmemtoReg 0 The value for the written reg?ster comes form the ALU
1 The value for the written register comes form data memory
lorD 0 The memory address comes from the PC
1 The memory address comes from the ALU
. 0 None
IRWrite 1 The value from memory is written into IR
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. 0
PCWrite 1 PC write, source is defined by PCSource
. 0
PCWriteCond 1 PC write IF ALU indicates a ZERO condition
00 | PC=ALU output
PCSource 01 | PC = target register
10 | PC = jump target address (PC + 4 [29-26] & IR[25-0]<<2)
11 undefined

¥ & MIPS CPU 24

- BB AR EE AARTEP > VRS RRPR LA A Ard BT S
Wi T R A Aversy o 0 VHDL A M i 3F T B TR b ek
oo Td ba T e it % (Top Down Modeling) @ 3 ﬁ{nﬂ?&é %
BT T AFA o - B B endici i fbéﬁ’]‘#{\{} BBt o R
oyt gt o TRE R R R P AT HRE R o KA

RSS9 i e A e A T L . A T B E R
A5 A m@:x:a‘:&;& Boo bEY FOFVRFAE D 0 F A kR

P es o P RPHBERPUA R KT LG TR
SRR A s U R ST R Y

CBAIREPBEVOPREEY e o

[

T ORE AR DT e REME R R AR H o

fui

Fp e AF P o BAFY K2 CPU 2 FPGA §F5% T S i
¥ 5 3;5 R R AR R 2 E AR o 242 B MIPSCPU %= =
AR A S AR T P g WO FPGA R % o ¢ 0 R RED
T PP ERHY CPURPRE I P ho

4 F0A A u 5 MIPS CPU % 3+ E =
FPGA ¥ 5% T & » ¥ #- A 2 X7 R

ETIS
fu

AT L R R A
2 /0 A qpdifriezkt E ~ s
B IF - o

E4 ™)

- “MIPSCPU %3+ 8 =~ 2 Xilinx ISEv6.2 5 A2 B # %5 > 1+ VHDL
AR5 t3E 5 5 1 & > %3+ Multiple Clock Cycles z- MIPS CPU -

SO AR AR E A B 1O Hoe s 4T A %k CPU %
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% VO WA A~ F R TE L 1O A s T A4 i

Z ~FPGAF %L 5t #3I/O R R2Z 7 ST - Hran 57 CPU

£ LB 10F EF e

T~ REE TP D FLE TMIPSCPU R HE ~ | 2 T1/O A& 4%
HE A MR 2 4250 T U - 3F FPGA & & ¢ o CPU it 4%
PR Edn £ T R o #RIE L R R S VR o SRR S
HETRIFHRT SRR WEKRE - MIPS CPU & & “rk 30 1/0 4
G HlEEe A1 5 KB (2 33 LCD -~ - BAn § S LED) A
P ALFERGEFES  SHMERS S L REF A~ HRRER
/O G drdl et 3 4 4 10 %% #odEE > F] MIPS CPU $i-%e
®3P Ae 7 1O HInELA 2 ke > @ # MIPS CPU £ 1/0 1
Al e L ukit o 22 MIPSCPU 24 ~ 1/0 4 & 241Kt 2 57 %
p e MIPSCPU # £ fi2 & i » X B (dp e B~ 36 RBB ~ 4x4 4237)
MGG~ difiie » {74 R MIPSCPU #52 d “h 3ty » 45 £ 4417
P e pAF TP A0 G e AP 2 E - e s gl E

- B Rt INAE R TR 2 I T

R i LS

BAFE Y ¢ G (e it 4p B (memory-reference)dy £ - B iiiEE
(arithmetic-logic)4p £ ~ &4 2 dp 4 » ¢ ¢ i@ MIPS4p 4 79 chi &g 4 o &
R 1%4p £ f ¥osg (Encoding)> & - & J5 MIPS CPU 4p £ f b & X fAix @
1330 dotitdsr A R A4 T 0 Tt BB @ MIPSCPU AR % » 1 1F4p 4 4

4r 2 3-8 #7oT o

333 % it £ 4

Mnemonic C(())clje Description Operation _:_r;spte
LW 100011 | Load word $t = MEM[$s + offset] M
SW 101011 | Store word MEM[$s + offset] = $t M
ADD 000000 | Add $d = $s + $t R
ADDU 000000 | Add unsigned $d =$s + $t R
SUB 000000 | Subtract $d = $s - $t R
SuUBU 000000 | Subtract unsigned $d = $s - $t R
AND 000000 | Bitwise and $d =$s & $t R
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OR 000000 | Bitwise or $d = $s | $t R

XOR 000000 | Bitwise exclusive or $d =$s " $t R

NOR 000000 | Bitwise nor $d = ~($s | $t) R

SLL 000000 | Shift left logical $d = $t << shamt R

SRL 000000 | Shift right logical $d = $t >> shamt R

SRA 000000 | Shift right arithmetic $d = $t << shamt R

ADDI 001000 | Add unsigned $t = $s + immed I

ADDIU 001001 | Add immediate unsigned $t = $s + immed I

ANDI 001100 | Bitwise and immediate $t = $s & immed I

ORI 001101 | Bitwise or immediate $t = $s | immed I

XORI 001110 | Bitwise exclusive or immediate $d = $s + immed I

BEQ 000100 | Branch on equal It $s = Stadvance_pc(offset); | p
Else advance pc

BGEZ 000001 Branch on greater than or equal If $s >= 0 advance_pc(offset); B
to zero Else advance pc

BGTZ 000111 | Branch on greater than zero I $s > 0 advance_pc(offset); B
Else advance pc

BLEZ 000110 Branch on less than or equal to If $s <= 0 advance_pc(offset); B
zZero Else advance pc

BLTZ 000001 | Branch on less than zero I $s < 0 advance_pc(offset); B
Else advance pc

BNE 000101 | Branch on not equal If $s 1= St advance_pc(offset); B
Else advance_pc

) 000010 | Jump PC =nPC; )

nPC = (PC & 0xf0000000) | target

FoweRIrrRHANG R

e T A B LB

A TR R
Lo i Layer3 s H

¥r#1H ~(ALU Control) ~ 45 4 47 £ ¥ m(lnstructlon Register) -

v

v

B UEHCE R~ A TR R A
) i > 48 MIPS CPU 2

® & = (Layer) 4] 3-2 #771 o Layerl % = # 32 Bits 2 MIPS CPU 2. VHDL
Code - Layer2 A d Mano[13]4+*+ CPU 2t
i S it - St 'E';%-%‘-& BT R 2 TR
i fﬁi;&;qﬁﬁﬁﬁ;gﬁ ~ ~ALU
st

¢ Layer3 #

=~ (Memory) ~ %2 #713 % a (Register File) -

32

RS S S S T

E 4Bl hpES o % MIPS CPU %

=Sy SEVEL e

» # MIPSCPU & - ¥ ~ 7




| 32BitSMIPS  |-mmmmmmmoe - Layer 1

----- -Layer 2

L ALU J[ ALU J[ Instruction J[ Memory J‘ RegliSter } _____ - Layer 3

Control Register File

AR

Basic Barrel |\ (memoee L
LFunctionsJ[ Shifter ] - Layer 4

] 3-2 MIPS CPU i ‘e 7 15 ]

£ e s AT

- ~ALU: ii&:}ﬁﬁ BRIPT o EXFEF MIPSCPU A A2 & B {BiF 5 #
foo st H 0 RATFRE 2 W E2 BRI R b R R AR
VEEhE S o fFPET gt et RSN A L o
ALU #-& 2 ©x 4 % Basic Function % % Barrel Shifter =% - Basic
Function %E:.,‘éﬁé e F:FF £ & e ADD ~ SUB ~ AND ~ OR ~ XOR -~
NOR % 4p B & & ; Barrel Shifter #-e f F 174 4 § ¢ eff mdg £ 18
% 24 SLL ~ SRL ~ SRA 45 4

= ~ALUControl : &5 i dq 4 2. % I > A S E 2 4] ALU 7 8 eldiE
EH2 A H~

> Instruction Register : #7173 d jefg iz di2 g4 » TR T BFHATT R

:}F, A nzi:}Flé‘ﬁs.,(\A, LiE T T & E o

fui

w ~Memory : zeRAE G dp 4 2 FRBEE T A AR P WA - 1 256
x 32 Bits + -]- 2 Block RAM - Block RAM 741 #* Xilinx ISEVv6.2 ¢ 2

Core Generator 2 # » #x5 — Mem.xco 4 °

=4

~ Register File : MIPSCPU i & 2 #775 %3 > ¢ 7 5 32 - 4% 2 47 33
2 (General Purpose Registers) °

A e RGH REEL

-~ ARERFRE “% S #ﬁ £ > ¥ %8 & & Basic Function #- % 2 Barrel
Shifter #- % % = %fo"f ERL] a‘ﬁ Lo T Ak 3k 3t ore 2 e MIPS CPU
ﬁﬁa%”%‘%“m’ﬂ¢ﬁ§%*i’ﬁ?%éﬁﬁ4%ia
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A GEpE TH A o

Z ~Memory ficz® > & * FPGA p 382 23]2 Block RAM » H kgt 5
> FPGA 2. Gate Count & * € » A& 9&KE T hapegt » v
Gate Count i ] cn FPGA > T e m ¥ 2 FIRF &2 F (TehF o &
LR bR fiil IC> &3 MIPS CPU £ #h 3825 (R 7 4L < 3%
AR 0 E D F PN B @R 2 G2 KB P e

#-MIPS CPU 3+ & e s i ikdp £ B RFIR B > Rl » §F ER3
R T BARE 0 MM 2 A KM R SRE LY B o
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