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1.1 CPUWThRE 5 AL

+ CPUBTHEE: HeBIE ST
S HRSRITILE
>EfE: WS EMSET IR HIES
B NBR A ARk H R 1R R
>PAT: SERIER AT RIBIME GaHE)

SIESER (—BEES) : CPUNIBA iR H
B4 HPATIR L TR &SR RIFR AR S AR, B1:
>EUR B SERELER S BRAE M 4 AT $8 S ¥R VB B I (]

>EER R NBIE RS HBRELR R E (BHETE

BIERE Rtk
>PATHE: SERIES TR RIBIE GaF5%E) PrifiE,
F g A ETAR
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|

Instruction
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Fetch
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1.1 CPURIThEE S H AL

“+ CPUFRTEHITHREERHF

>EUES: WFEHRTZHESMoirESe (BURMFEE)
ESHLERREF: 95 S RT R E R IR S FEAF A5 A bt
- HLSFFDRH: RENFREBETIORKES
- ERERME: XHiE S AT RN
PRATIRS: SUELFER IR (BFEREMHIT)

- {EHIESIZEERM: R\ BB RAZREX R Kk
(ERER) , ERFESEST, FAE—RIIKMBEIER
HIES, AMEFTHEVKZES. FRSREARLED
FHRF AR, LD PTRAEITIRE.

* BITERMF: ALU. HFAERSE




R
1.1 CPURIZIREEH AL

< CPURV4E Rk
>{EHIEIT (IEHI88, control) :
= a4t E 4. B EE: (PC — Program Counter)
« B FAEF: 18AFESR (IR — Instruction Register)
« L. 844 (ID — Instruction Decoder)
* B PR AN T ES

- EHUESAERERMF: AT RN TR BRI A R e
ZEHIES, FHGEE. MEFSFZIATA

>HITERITT (BiEREE, datapath)
= BHEEIT: EAZEHEEBEHEITT (ALU)
s FAEREITT. EBHYESRYA (GPRs) , WREFESR (FR,
NHEERESFEPSW) , ENHFAER (TR)




1.1 CPUWIThRE 54 Rk

> CPUR ERL45 14
(N EBBR SR S5 1)

O #FHl8F (Cw)
¢ BLFFHIR
& B FERESID
¢ ZEHE S LRSS

O B (datapath)
* EHET
& FHB/ETT

O AfREL

/ ALU \
/\

> (=
W (=

.

EU

CPU
PR AR IS
0
WRIER S i
RS Wi
il R
ID 4
f

I Datapath

Internal BUS

Data Bus

Ctrl Bus
Add Bus
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1.1 CPURIThEE AR

o ¥

1 16

FIRLPUTIEREF, HLSBWRATETRITMEEEK, HU

SEOUHE RIMEIE . JCBEMFEEFINRE, R8T

> P Bl

= HETTMH BRETTME) ¢ ALU. £RRiGIERaes
= T ORETTHE) . FF%. FHRs

> R IR R TG 2

" RERERETT (CPUREELR)D
" SFEUERETT R

< EHAF
> SRR AT B AE BIR @ PUT ITBIERIE S, PASEIIXT S

PEEEE A EARITIREER], AR N AR R E RIS, 2
R B H A




1.1 CPURIThEE AR

< 5 BUERRIRE R
> B B
= PC>MAR
= Read Mem.
= M>MBR=2>IBR=2IR
> R AVE B BR A
- BAEHHHE>MAR
= Read Mem.
= M>MBR->ALU
> RERRFBE
= ALUGR>MBR
= 25 R HHE>MAR
= Write Mem.

EEEEEEEEEEEEEEEEE

I1/0

B0 R nas B A I m g
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1.1 CPURIThEE AR

& B8 R R W R B T 1
> I8 4 g > IVERAES ) B2 >iaBHEREERRZ
= PC>IB>MAR = BVESHHE>IBOMAR = ALUZE>IBOMDR

= MemR = MemR = ZE BN IBOMAR
= M>MER=2>IB=2IR = M>MER=>IB2>ALU = MemW

Control Bus

Data Bus

Address Bus

MDRout iyr L
. ;v::';n
o MERD,] MER | [ MDR |<—MDRin (™ Gou MemR MemW| [
L varn [ C] )

MERout MEMORY A

< Internal Bus
A

ﬁleé‘ % Roout—»( )

Rlout )
e

iy

R2out
R2in

H.
N

R3out )
e

. B R EEEEEEEE—E—————
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1.1 CPURIThEE S ZH AL

CIRSHATEIEPRY

/

F

MERRME

> ERCREF BT, HFEEERA T
SR RENFFESRTRERE, FAEERNTEITZ A
>EIE: BENFERTERE, FEZEALVES —IEFFE;
FRHE: HITEMEARBEEER, SRRFIRNFERT.

12




-
1.1 CPURIhRES AR
< IHSIIEERE A Lt :
RTL (Register Transfer Language, ZHfEesfEi%iEs)
> € BEEAAETT M
> R[a] : 7% a;
> M[a] : = HbE Aak) #T;

> PC : it
> f(data) : KXt HiHEdataib 17 HAE

< il
>R[c] € R[a] + R[b] // FakallFFHRbHKSEREFFEC
>R[c] € R[a] op R[b] /| &FfFsEaE&FFEbHEITopIBELREFFRC
>Signext(immi16)  // XEimm16iiTSignext (FEFR) BE
>R[a] € M[b] Il BUEERAE, EREFEITbBEAEETFFE
>M[a] € R[b] Il FERAE, BHFEFBROPHEEBEANEE S TaF

13




]
1.2 CPUBITHRI—MRTTE

o RIS

1. TS REGEFTFER
B 84, B4R E., §MESHTIgE. FEFRE
2. BIR BRI
O RIEBLS T RIZELHIEER MG, WPC. ALU. FRHRE.
RS FMESRIBIETMES . ZBIT RS
@ R\ SPATRIE, HEEMRETES IR ER;
@ WA RHEBESPITEIREELSLES, BREESHIEERE.
3. R T

O W

2 1l R B P

T (R, B, BHE)

@ WBEEMHREBSPITHRE, HEXBSHITH, F1EHE
BB T R BRI HE 5 R NIRE . &4

® MNEHIESETEREG, UBAEANERESHEELE;

@ REHAERLATNERES,

14




B7NiH MIPSAIEEE: Gt

1.
2.
3.

= . MIPSI&EEM,
MIPSIEEUH

MIPSI=EEIEY:

i)

S S

BRI T

R ERMY
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2.1 MIPSHEZINLIE S

+MIPS F1FEe3LEH
> 324 Bl bk 2= (A
> 32/4N32fIGPRs GEASHESR)

v

Registers

ol ™~

> HI, LO, PC
A28
31 0 }
0 3l
rl HI
r2
LO
FFe S
31
r3l PC

EEEEEEEEEEEEEEEEE
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2.1 MIPSHEZINLIE S

MIPS 1B SFEE3ERNE

THERS THARAWK P&
0 $zero 30
1 $at e e L
2~3 $v0 ~ $v1 ZREMREAKRE
4~7 $a0 ~ $a3 SH
8~ 15 $t0 ~ $t7 [N
16 ~ 23 $s0 ~ $s7 BT
24 ~ 25 $t8 ~ $t9 HAthlm it 22 &
26 ~ 27 $k0 ~ $k1 REGBRIERGNH
28 $gp £ JRiREt
29 $sp RIeEr
30 $fp kiR
31 $ra IR [A] Hhu ik

EEEEEEEEEEEEEEEEE
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2.1 MIPSHEAEIYIE S

“MIPS ESERN
»0Op: 6 bits, Opcdoe
»Rs: 5 bits, The first register source operand
» Rt: 5 bits, The second register source operand
»Rd: 5 bits, The register destination operand
» Shamt: 5 bits, Shift amount ( shift instruction)
»Func: 6 bits, function code ( another Opcode)

6 S S 5 5 6
Op Rs Rt Rd Shamt Func
RRE (31-26) (25-21) (20-16) (15-11) (10-6) (5-0)
KT Op Rs Rt 16 bit Address or Immediate
(31-26) (25-21) (20-16) (15-0)
Op 26 bit Address ( for Jump Instruction)
IRA (31-26) (25-0)

EEEEEEEEEEEEEEEEE
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2.1 MIPSHEAEIYIE S

+MIPS FitF3

R-format: 6 5 5 5 5 6
Register (direct) op rs| rt | rd |smt| func
|
|-format:
Immediate op
Basezlindex _
op rs | rt immed Memory
[_register —(+) »| BIHW/W
PC-relati
relative op rs | rt immed
<< Memory
[ PC+4 —(+) >
J-format:
Pseudodirect op | addr. » | Memory

WEESFNE:  (PC+4) H44L + addr.264L + 00




2.1 MIPSHEERIFLIE &4
IRBIHNIESE (8KIES
He o N
add rd, rs. rt R[rd]< R[rs] + R[r] IHEE. EF{FEe rs MZFE rt 470, SREFFE d
R sub rd, rs, 1t R[rd]< R[rs] - R[r] HizE, ZFHiEE rs FIE S5 rt A, SR EEFTFES rd
and rd, 1s_ 1t R[rd]< R[rs] & R[r] 58, FFE2E s f1EFES tiwfu S, SRFEEFEFESSE od
or rd, rs, rt R[rd]< R[rs] | R[ri] e E: FiFet rs f1 & et i fu s, SR IEFFeE 1d
_ N | 7. Fi7 28 rs A2 BPEY imm16 (TS BE 32 1)
et rs imms | g 0TS ABASBIPITFHAE, A POTREE et 28 0 SRR
% rt
I _ - . 7. 178 rs FN2BIEY imm16 (FFEFEBE 32 fii)
sy | swoos immts | ST MBI, RS SRS ) A
8T
. il If ( R[rs] — R[rt] =0) then a3 MEFFE rs 5 t48F, WERE (imm16 FS3
=q 15 1, 1mm PC < PC + Signext(imm16)<<2 BE 324, SNIARFHT. (54 E, PC+4)
I : . . _ HEFE . H30 PCHS 44u 5 target (26 fiz) #H3ER% 30 4
s j target PC(31:2)€PC(31:28) || target(25:0) SRR PG (312) . (MBS PCad) |

Gk RERAAE

NNNNNNNNN

IVERSITY
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2.1 MIPSIEEIFLIE @4

=11 S /N
RIS SRS
OP Rs Rt Rd Shamt Funct
R ZRAIHES, (31 ~ 26) (25~ 21) (20 ~ 16) (15~ 11) (10 ~6) (5~0)
add rd. rs, rt 000000 rs rt rd YOO 100000
sub rd, rs, rt 000000 rs rt rd YOXKK 100010
and rd, rs, rt 000000 rs rt rd YOO 100100
orrd, rs, rt 000000 s rt rd YOO 100101
OP Rs Rt 16 bits immediate or address
I REHE (31 ~ 26) (25~ 21) (20 ~ 16) (15~-0)
lw rt, s, imm16 100011 rs rt imm16
swrt, rs, imm16 101011 rs rt imm16
beq rs. ;["[_‘ mmmlé Q00100 rs rt imm16
oP .
J ZERIEE A, (31 ~ 26) 26 bits address
j target 000010 target

BEIHANG UNIVERSITY
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2.2 BRI

< tHE T
>inikes (Adder) . EAREZBHEEH®EITT (ALU)

J@»A\ #ON (3241)

il (3241)
32 —
. ‘Su;m A B Sum=A+B
32
+>B/
SR REEAOP L,
oP (3241) (441D
- A B 0000 Result = A&B
—> A i A B 0001 Result = A|B
ernor—»
32 = A+
Ay | A B 0010 Result = A+B
. Result A B 0110 Result = A-B
éﬁ B o
A B 0111 TA=B t_hen
Zero =1

ot & mEREARS 22
D

EEEEEEEEEEEEEEEEE




2.2 BRI

o EAEH

>ZHIEERE (Mux) « FFSH BS (Signext)
> ERIEFRRA —ik—, =i—, Ui%—%.

Sign
extend

EEEEEEEEEEEEEEEEE

PN )
(3241) SelectfilA  (3opr)
A B ToR Y=A
(R HP)
A B PR Y=B
(P

1667 —#HIBUEFF S B 23201
i

Signext(8000H) = FFFFS000H
Signext(7800H) = 00007800H




]
2.2 BEIE B

<~ FESEE GNMNEES
>0 s O (GSR)
>—A32M A D (B)

j& Read %ﬁ%&iﬁﬁﬁ{/ﬁ (%l‘ﬂ)
register1 Read | .32
data1 sk N (54HL)
9 . |Read
—> register? Read Read Read datal=R[Readregisterl]
Reaisters registerl | register2 | Read data2=R[Readregister2]
5 |write ¢9
register
Read| 32
——» Wri - 0
32| g data HARRESEIE AN
A
(562) (32fi1) RegWrite
Write :
register Write data o R
Write . X R[Writeregister]
register Write data (Clk B/ FBEHY) | € Write data
24
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2.2 BB EAT

~ FERENTSM

Rreg1
N C
L/ Regl
_ 5~32 - D
Wre Decoder C
’ )_’ Regi
L D
Clk
.
—
G
j Regal
RegWrite * D
- ™y c
—"j Regil
L D
Wdata
Rreg2
32 F i
- AP A aa il Ak 324

AR e dadifFEE
SR R

Rdata1

EEEEEEEEEEEEEEEEEE

=
RdataZ

25




2.2 R IE B ERA

< BIETFEIEEE0M CEAETEEES)

> BN S £k: Write data

> B 5 4k: Read data

>3E: MemRead#EH|ES5HRE, Huht
2 (Address)ik# I F BN AERead
datafii i B2k E (A To/F#E)

>5: MemWritefE #5586 M AN 455
CIK FBEIERT, Write dataks 28_ERIEIE
P ENHHEE R AR TH CRETT
4B

<« HSHFMERRIM
>4 ik (Read address)i& B HITE4,
PEInstruction® e E (A& Tk
BAE)

MemRead Mem\Write
32
Address Read —
data
32
== Write
data Data
memory
Pl
Clk T
Read
—» address
32
Instruction
Instruction
memory

26
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2.3 I 9P [F 25 5 ik

< RSB TTRIBTFF

CLK v 4
A Setup | Hold |
—» D Q—» = Lo = < > »
EF_ ,I'LII. D Z;%Jl:ﬂr | | 3;9"5.{}. ﬁ)\iﬁnﬁf‘gi‘h b Setup r|‘ Hﬂldr 3‘-‘%"}
A lp—rll Clock-to-Q |
Clk T Q e v Clock-to-QJF i H Bk i (5 24 A 5 A\ B0

> FEIMRTE (Setup Time) : AR HIDEZ BTHMIN W18 E BB 8] ;
> {R¥EETE (Hold Time) : fHER#ILGBZ EMANNERERBTE);
> Clock—to—Q: Mfil& K $ih 62 B AR E] .

. B R EEEEEEEE—E—————

EEEEEEEEEEEEEEEEE
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2.3 W [E P 7%
o Hq' E Eq
cuc—l L

Setup : Hold Setup : Hold
> > BEAT A L AT AR 4k, A~ RE e T gy H * >« >
| I
A
F —> L 5
o —e :
N w1 |
A 441 2 |
N -
= )
Clk T T
RN ¥ i

> HEEEE ¢ ...+ RS+ BTl (AEHEER) + IRSTTiF+ L7 HR
> WETLHFEER, raRETFIRSEITEREA, FHREHE RS
BIEH. HEIANHT— P A B BE, v = aie Bk B B 20

» Cycle Time = Clock-to-Q + Longest Delay Path + Setup + Clock Skew
g g mERRKE 28

EEEEEEEEEEEEEEEEE
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2.3 B o0 [F 2 05 %

< HHREDSFHE
> AR BB SME S N, B SR BOR S R S A BB 21

> RAAEMR RS T, Bk, SWEMARESTH
(4% ) KBRS N R ATER B S0 B LR Ry a1

s

# 4l 45125 RS > LA B AT B R 52 R

B2 > ERBI IR, FrEEEAREE
 RIBEAESE, EIRART?
o D 11 > I E S FBN S

— > S A B R LR B R I 52 R
> FERE RN, AR EMRER
[ s o T, SA R E SR
<l HHITHN.
> BN S FBNE RS

et ] 4

: S —E—m—m—S——.S

EEEEEEEEEEEEEEEEE




o A MIPSE ISR

—. AEI[BRTTED

—. MIPSHEEIML

. MIPSERFHA B &1 T
=21E5) .%i m;_ﬂ%wﬁt-l'

B FJHRERE St

Ig. M|P5ﬁ7kf£&if?é%§&ﬁ




o

3.1 5 %

IRl Ay

’:’Eg/ﬁl Eﬁ

> B R SPAT A E e B —i 8 E#E, CPI=1,

~ BIEER S S

>IEPRiE R RS FEX (M) MEEFAEX (DM) 435
RiFTR 2 MEHE
>SN BRIE SR B IRER, N EEFEREIERESIF
< FRPATHI L
>RIEPC, MIESFMERILETES; BIE4 )5, PC € PC+4;
>RANTA IS ERMF RS, HEMHALU
= LW/ISW (F#fEvi) $84:  AALUTE SR LNE
= ADD/SUB/AND/OR(HEAREZH#)1E<S: HALUTRHEARZEEZH
= BEQ (4rX%) #84: HFHALUBTHE BiEizE)

RELS A R iki‘?‘

NNNNNNNNNNNNNNNN

31
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3.1 SRS R Tt

‘:’Eg/ﬁl Eﬁ
> B 18 PUT A HARE e 8 —Br 8 A1, CPI=1

CHIBEBR T HIE
> A RGN FRBASEMEX (M) MEEAEX (DM) 45
RiF1e S LR
>SNERES WAL IR ER, REHEEEEIEER A,
PEAPLIE S PITERE RS NWM TN PR
;g4 IRIE\PC, VHIBLSFMEEIREBIESL, RIFPCH;

" FFEE: REFERE SN, EBHENFFSRIER

 ALURBH: BdALUSERMANKERSEEHE

= HIEFE:  LW/ISWHE-415 15 85 17 i 2%

= B BERBESNMWESELEBESANSTESR
SREE PR, W€ BEEE R AT T NI MERAE 2 R FIEER R

32




-
3.1 SRS R Tt

SRS PATCER, % B8 18 2% B 75 S04 AN B4 [a) i 42
PREAPIESPATEE R NO TN B R:
= W84 WIFPCYI HTE LS FMEHRIRETES, RFPCH4;
= LEF A IRIEE SN IBAE N F a8 R E R
= ALUIZH: ZFEALUSBRMEMNBERZHIZH
= BAEFE: LW/SWH L KB IE 6 23 9
- HEFS: BERBLSMLWHESELEESNFES
< fF FHEURE @B R THR I
> ZERG T SR BN Y 18 B IR A S\ o O B A\ SRR
> IAREEEHIES

Registers ALU DM

Add. Regl Reg2 Wreg Wdata A B Add. Wdata

Add

Lw

33
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3.1 HFHAEE AR — Bfg 5PCHY

1. EUyEMPCHMEWEER (IEHE<)
> DIRe R
= fX#8: IM Address €PC, instruction=IM[PC]
“ PCHIf: PC&PC+4

> 845 FEMERIM, PC, Adder (SZBLPCHN4)

Registers ALU DM
PC .

Add. Regl Reg2 Wreg Wdata A B Add. Wdata

R%Y
L

Lw |PC | 4 |Addery PC

PC | 4 |Adder| PC

Sw |[PC | 4 |Addef PC

Beq |PC | 4 |Addenn PC

EEEEEEEEEEEEEEEEE



3.1 HFHAEE AR — Bfg 5PCHY

1. BU$EAPCH M 53518 5% B
> DIRe iR
= BX#8: instruction = IM[PC]
= PCEHIY§: PCEPC+4
>FrEEM: IM, PC, Adder ((2BLPCHn4)

-
- > A
Adder
R
4-——»B PC | 4 |Adder| PC
84
Read
—>» PC ——e—>|address Lw
Sw
Instruction >
Beq
Instruction
memory

EEEEEEEEEEEEEEEEE




3.1 BRABBIEER & TT—REES B EE
2. REIIEAMIEREE (add,sub,and,or$g4, LladdRH)

»add rd, rs, rt Op Rs Rt Rd Shamt Func

>Jjjﬁﬁjﬁi$_ (31-26) (2521) | (20-16) | (15-11) | (10-6) (5-0)
= R[rd] é+

> IR BTt

IM Registei: ALU DM
Add. Regl Reg2 Wreg Wauata A B Add. Wdata
R#Y
PC| 4 |Adder| PC Rs Rt Rd ALU | Rdatal| Rdata2
842

Lw |PC| 4 [Adder| PC

Sw |PC| 4 |Adder| PC

Beq | PC| 4 |Adder| PC

vf I F AT I RKR 36
T
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3.1 HREEIEER I IT—REIES B EE

2.

Instruction

RAIF5 2%

»add rd, rs, rt
> ThRefd

= R[rd] € R[rs] + R[

EEE (add,sub,and,or¥g4,

PLadd Af)

Op
(31-26)

Rs Rt
(20-16)

Rd
(15-11)

Shamt
(10-6)

Func

(5-0)

1]

>IEBRE: WM. ALU

Read
register 1

Read
register 2

NNNNNNNNNNN

Write
register

) e

Write
data

Registers

Read
data 1

Read
data 2

Regl

Registers

Reg2 Wreg Wdata

A

ALU

RegWrite

-

VVVVVVV

34 ; Rs Rt | Rd |ALU |Rdatal|Rdata2
ALU operation
> A
Zero| ™
AFI{_;”” R A opgr;tjion i
1 A|B 0000 A&B
/ A|B 0001 A|B
A| B 0010 A+B
A|B 0110 A-B
37




3.1 HRHEEE R T ——L Wi HiE @ e
3. BUE#R4 (w) Hdmimeg

> lw rte, rs, Imm16 Op Rs Rt 16 bit Address or Immediate
}H‘Iﬁ%%ﬁ: (31-26) (25-21) (20-16) (15-0)

= R[rt] € DM[ R][rs] +]
BB FASHE, ALU, 57 FEHIuSignext, HIEF#E4DM

IM Registers ALU DM Sign-
Add.

Regl Reg2 Wreg Wdata A Add. Wdata Xt

]}
;ﬁ;\ PC| 4 |Adder| PC Rs Rt Rd ALU |Rdata1|Rdata2
HY
Lw |PC| 4 |Adder| PC | Rs Rt | DM |Rdatat Si9% | ALU imm16

Sw |PC| 4 |Adder| PC

Beq | PC| 4 [Adder| PC

T I F B I E R 38
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3.1 B JA BB 8 B BT —— L WS < 203 38 %

3. B84 (w) BiE@Ek

»lw rt, rs, imm16 Rs Rt

>]§Jﬁ ilﬁﬁ 'alﬂm (25-21) | (20-16)
|t :

= R[rt] € DM[ R[rs] + Signext(imm16) ]
BB WS, ALU, FFSPREITSIgnext, HEFMEHRDM

16 bit Address or Immediate
(15-0)

AL ion
Rs Re"?‘d 4 U operatio
register 1
Read B MemRead MemWrite
reqgister 2 data 1
Instruction 9 —>
a Write Registers read
register data 2 —» Address
cliel Read
> Write data| )
data
RegWrite :
Rt E Write
%‘Ejﬁ data
Fiams . . 32 Data
_ | imm16 Sign memor
16 extend y




]
3.1 B HABE @M T ——SWHR S H IR
4. FFHF_S (sw) HEEEEK

>SW re, rs, iImm16 Rs Rt 16 bit Address or Immediate
7;1 76} (25-21) (20-16) (15-0)
> TheEiA

= DM[ R[rs] + Signext(imm16) | € R]rt]
>IERE A FAEAEME, ALU, ST RBEITSignext, BIEAMESEDM

IM Registers ALU DM Sign-
Add. Regl Reg2 Wreg wdata A Add. wdata ©Xt
1)
REY PC| 4 |Adder| PC Rs Rt Rd | ALU |Rdatal|Rdata2
8%
Lw | PC| 4 |Adder| PC Rs Rt DM |Rdata1|Signext| ALU imm16
Sw |PC| 4 |Adder| PC | Rs | Rt Rdataf S;?(:‘ ALU |Rdata2|imm16
Beq | PC| 4 |Adder| PC

AL ST XL EET S 40
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3.1 HFBIEER R ITT——SWis < BEiE
4. FHFA (sw) HIEEH

> SW e, rs, Imm216 Op Rs Rt 16 bit Address or Immediate

>IJJ§E*E5$‘ (31-26) (25-21) (20-16) (15-0)
= DM[ R[rs] + Signext(imm16) ] € R[rt]
BRI, FEAHE, ALU, fF5Y REITSignext, HIEFF#4IDM

Rs |Read 4 ALU operation
register 1
Rt |Read dlz'?aag » A MemRead ‘MemWrite
Instruction | T 2 Zero —»
U registers Read ALY Read
register data 2 [ 5 Result ——>»{ Address data
Write
data
RegWrite L Write
-
32 S8 Data
\_ imm16 Sign Y, memor
16 extend y

EEEEEEEEEEEEEEEEE




—————
3.1 BB ER I —REIE S EUHFESEEREH
5. REESHEUFRLSEIEERSH: WL BiEHEMux

3

Op Rs Rt Rd Shamt Func I F A >
(31-26) (25-21) | 20-16) | as-11) | (10-6) (5-0) RALE 215

Op Rs Rt 16 bit Address or Immediate B A
(31-26) (25-21) | (20-16) (15-0) LW/SWHi 4 2

Registers ALU DM Sign-
Regl Reg2 Wreg wdata A Add. wdata Xt
RAY PC| 4 |Adder| PC Rs Rt Rd ALU |Rdata1|Rdata2
84
Lw |PC| 4 |Adder| PC | Rs Rt | DM |Rdatat Se'ft“ ALU imm16
sw |PC| 4 |Adder| PC | Rs | Rt Rdata1| S'9" | ALU |Rdata2|imm16
/ m Rdata2
&3t |PC| 4 |Adder| PC Rs Rt d|Rt—DM/Rdata | Sign-|/ALU |Rdata2|{imm16
ext
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NI BRI LI 2 MR,
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=
Y 1 E‘é
N3 IR — % BRIEFEREMUX
< HARMEE NSHLHEEREMUX, EFEEHIES RegDst Rdata2
¢ AEBEE RIEIMBRNX, BEBHES ontoRes | 23 Rd | Re| ALY sign
< ALU ¥ A\3w B BUEIRIEEMUX, EFHEH|ES ALUSrc ext
Rs Read 4 ALU operation
register 1 MemRead MemWrite
Read
Inst. . 9 ALUSIC Zero —»> MemtoReg
“S Wri-tet Read 0 ALE it |_o_y|Addres  Read| 10
Rd | X register data 2 M esu S data
1 U B U
| Write = o X
data Registers
RegDst RegWrite L R Write
: dizize Data
\_mm16 Sign memory
extend
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3.1 MIPSHIEIEER X1t ——Beqts & HIEE K

6. X IBXHIFREEE

> beq rs, rt, Imm16 Op Rs Rt 16 bit Address or Immediate
b (31-26) (25-21) (20-16) (15-0)
> IREA -

= If (R[rs] — R[rt] =0) then PC € (PC + 4) + Signext(imm16)<<2
else PC & PC+14
>IEBEAE: FFEEE, ALU, BIn—iniE#ENadd, fFST R
Signext, Lg%

M Registers
Add. Regl R;g Wreg W:at A
Rdata2
B e PC| 4 |Adder| PC| Rs | Rt |Rd|Rt et Rdata1| | Sign- | ALU |Rdata2{imm16
vt oM ext
Adder . Sign .
Beq [PC| 4 [Na dg«\C Rs | Rt Rdata1 | Rdata2 imm16 ext Adder | Shift
\\

T EE—AMUX, ALUBHI B Zero
A] B34 IR MUX YR 3R 1361 44
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6. X IBXHIFREEE

» beq rs, rt, Imm1l6
>IEBRER . BAAREHE, ALU, in—Adder, #F5¥ FESignext,
2K

.

O M
U
4 Nadd tX
A
Rs | Read
| register 1 LU operation
Read o
Rt > Regdt 5 data 1 ” A Branch Control
Instruction | register Zero
Write Registers AL
register Result
Write Read > B
data 2
data
RegWrite

extend
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7. MIPSEREREAIH
> RERIRS. IEWHETES Uw/sw). beqiE4d

Adder IM Registers
5s PC Ad
Y A B d. Regl ng Wreg W:at A
RZAY Rdata2
5 |PC| 4 |Adder|PC| Rs | Rt |Rd|Rt Aékj' Rdata1 | | Sign- |ALU Rdzata imm16
il ext
Adder : Sign :
Beq |PC | 4 PC| Rs | Rt Rdata1 | Rdata2 imm16 Adder | Shift
| Nadd ext
Rdata2 :
Adder ALU | : Rdata |. Sign :
A )
&3 |PC| 4 | Nadd PC| Rs | Rt [Rd|Rt DM Rdata1 |Se|)g(;tn ALU 9 imm16 ext Adder | Shift
TEAN IR — B RRIEFEEIMUX
—PCH N Im B R IR IEMUX, EIFIEFIES PCSre
—HFES AN int iR FENUX, ZFEIEFI{ES RegDst
—HESES NinBURRIEENX, £FFHI{ES MemtoReg
—ALUBI \ SmBEUEIF IR FENUX, iEFIZHIES ALUSrc
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7. MIPSEIEIERAIF

> RERES. AEHRTES (w/sw). beqie4
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-
> A
Add [
4 — B
‘ RegWrite
Rs Read
Read > .
> PC register 1
address .
Read R > A MemRead MemWrite
: data 1
register 2 ALUSrc Zero
Instruction MemtoReg
ALU
Write Read 0 - Read
> register data 2 M Result » Address . M
U B U
Instruction Write _ lX X
memory data Registers ALU
operation
| Write
Imm16 ; >
> " eigrr:d 32 data Data
16 memory
\_ J
J/
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< AR IHRIA
>CPURITHRES4ERL: HIFER F #HI2F
»CPUKIT—/RAE: T|KRSH, BB, EH8:EH
< MIPSIEEIH,
>MIPSIERIHNIESEE: add, sub, and, or, Ilw, sw, beq, j
>MIPSEIE BB ERE: adder, ALU, MUX, sign-ext, Regs, DM, IM
>R
* F#EIESE: DANEESAEE, EREEHMEANZ
= RASBETTRE: Tsetup, Thold, Clock-to-Q

= RS+ RERTH(AESRE) + RETH” BENFER:
Clock-to-Q + Longest Delay Path + Tsetup + Clock Skew
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FAFRIBSWIT R NBRER, AR

> BB S H, NS ERiEES

o AHERIESHNBERER
> Sririe<SThREE, FILFA@EREM; ShiESHE, JIHLBHRAKIER

-
4 :A\‘ (
Add
4 —»/
RegWrite
- Rs | Read
> PC [—e»{ "Ea " | register 1
address
Read R > A MemRead MemWrite
> . data 1
register 2 ALUSrc Z10
Instruction — MemtoReg
Write Read 0 ALU Read
—y VI M Result » Address ‘ M
register data 2 data
< U B U
Instruction Write _ lX X
memory data Registers ALU
operation
| Write
Imm16 i >
‘  extond | 52 e oa
16 memory
\_
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3.2

EAL ) B

2 il R T

BRI RERIES

>ALU#H] (ALU Operation)

> HAbERIES: 74

> PC

Y
>

Add

Read
address

Instruction

Instruction
memory

Rs

‘ RegWrite

BEIHANG UNIVERSITY

Imm16
.

Read
"l register 1

Read Read
> : data 1

register 2

Write Read

> register data 2
Write .
data Registers
[ Sign
16 \extend/ 32

ALU

ALU
operation

MemRead ‘MemWrite
Address zed))
data
| Write
data Data
memory
y,

MemtoReg
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BB RERIES

»MUXEFHMES: 41
>DMEERIES: 24
>»RegsEHIfES: 14
>ALUEHIES: 44

I ERIES (HELERIEHEOPRE)

AN operation ALUER
A B 0000 A&B
A | B 0001 A|B
A B 0010 A+B
A B 0110 A-B

EHlfES LHEMER (0) BHFMER (1)

RegDst | BFFZSMEE ANiikhbbRIBFERIF B | FARMEE N RAFE
MemtoReg | B NI REALUSIE | FERES N\ mEEER EDMEH
ALUSrc | ALURIAMmBIHRFARMERMERrY] |  ALUMIA¥mBIi&#FESignextii

PCSrc PCHI N Uik $& PC+4 PCiI \viikBEbeq a4/ H bt
MemRead 7 AR ESDMIZEIE (Frdd)
MemWrite 7 HE/FHBOMEEIE A
RegWiite 7 EHIE G FERIEP N N T A

ANALU FE#E 5 (50PHMFunc#fa KX)
ALU
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PR B RPI R EREEILFALUREH] BT
>EFERIT
= FIAN: B ERIERRFE Op (38431:26f1)
=
— IAMEHENEE (MUX 44, DM 24, Regs 149
—  ALU#EH| BT R & 1263 AALUop
ALUOp3ERRALURY S B AR
Jegel g ® 00: HEIESHEME
> AL U 8 T o 01, boctEd RS
= BN ® 10: REVESINRERERE

— FEEBRITAERKIALUop (26L)
—  IhRERSFEXFunc (3§45:060)
Wi ALUBREIZR|ES ALU operation (447)

Op Rs Rt Rd Shamt Func
(31-26) (25-21) (20-16) (15-11) (10-6) (5-0)

o

AL X1 TEL 2
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RN BEER (7

7 B )

| PC

Add

PCSrc = Branch & Zero
Beq#§4: Branch=1 (F%)

o) I F IRT R ERE

A 4
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Read
address

Contro
Unit

RegDst

Branch

\ MemtoReg

| | MemWrite

| MemRead

| ALUOp

ALUSrc

RegWrite

Rs

Instruction

Instruction
memory

\
Read
register 1

Read
register 2

’

Write -
. d
regjster
s’

o data 2
Write

data  Registers

'/
imm16

Sign

Func
A

16" \extend/ 32

Zero

ALU

Result

/ ALU

operation

A 4

ALU

Control

L 4

Address

Write
data

Read |
data

Data

memory

xXxc<Z

i
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5 ML DMIEEEH{ES # RegsBiThHlEE:
3.2 ﬁﬁl %ﬁﬁ%ﬂ%&&wf ® LWIE4: MemRead 53, MDMiZH #iiE

2 5? TR = B ® SWiE<S: MemWriteBH, {EDMBE ANEIE
+ ﬁjﬁﬁﬁjﬁ‘?ﬁﬁ ® REUZHLWIES : RegliriteEH, BEHFER
»RegDst (FF#HEE AvmHbik)
" REIFE4: RegDst=1, #%E#HRd ALUOp3ERAALUKIIE B 263
NN o o, ® 00: FEESHBME
HYE eg s ® 01: beqlE S HIBRE
= HAlFRS: ARD ® 10: RIFSIHAEIBIRE

>ALUSrc (ALUBIABGB)

= REI¥E4A:. ALUSrc=0, EFEFFEEN Read data2 il
= Beq#§4: ALUSrc=0, #%# Read data2 il (REZEE)
= Lw#g4: ALUSrc=1, #&#FSignextffih
= SW#4: ALUSrc=1, #&#FSignextfH
>MemtoReg (FFaHEE Nim#dE)
= REIFE4: MemtoReg=0, #%&#% ALU HiHi
= Lw#g4: MemtoReg=1, EHEHIEFMEISDMEH
= HiheS: AL
>Branch (PC#iA¥q)
= Beqf§4: Branch=1, MAf#Zero=1, PCHEyANiE#EINZEEENadd
il (XS HPMEL , BUEEFENESFEAIIREH (PC+4)
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FfEBETEESR
[T P ) T B T

Inputs

Op0O
Outputs RegDst
ALUSre

MemtoReg

RegWrite
MemRead

MemWrite

Branch

ol o=l R o == ool o

Ll | Lol I e I e Y e B (e e Y e e T e e

-]

jan ) el | Pal Nl B an | e B Bl -l B el B el e O el I ]
=S| | D) O =S = D)D)= O] DD

ALUOp1
ALUOpO

-
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~
AL ALUES S| BT




3.2 BT B Bt

BT
B

Gk RERAAE

Inputs
Opd _,

Op4

.

R-format

beq

e

= i

Outputs

RegDst
AlLUSrc
MemtoReg
RegWrite
MemRead
MemWrite
Branch

ALUOp1
ALUOpPO
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2 AL U8 275 N N

}%)\: AI_UZerO—>
" Elé\ﬁgFunC?& (*El.é\SO'ﬁZ:) Result ——»
= HEEBRITTARHK] ALUOP

>ALUOp#EBHALUKZ B HKA
= 00: VifRi82 B Bbnik
= 01: beqiR4FrFE I
= 10: REESINEREFERERE

84 FuncFE ALUop ALUB B REA ALU operation
Lw XXXXXX 00 il 0010
Sw XXXXXX 00 il 0010
Beq XXX XXX 01 b= 0110
Add 100 000 10 il 0010
Sub 100 010 10 B 0110
And 100 100 10 5 0000
Or 100 101 10 17 0001

ALUZH BT EER
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o REEASHITEERRE

'1

PCSrc

Branch
\ MemtoReg

Control | MemWrite -
Unit ] MemRead
| ALUOp N
ALUSrc N\
RegWrite N
P Read Read
Pe 7 ister 1
~address f'e@l'lSk~~~
Sso Read ~Read -l
~~~ ?aaigter 2 data 1 o -
] S~ SZero
Instruction _ ~o Z
W”FE \E’e ALU \\~
register ad, =~ o el
data 2 mm———m1" re e
Instruction Write
data  Registers
memory —
operation | Write
imm16 [ Sign [ > data Sata
16 \extend/ 32 e
\Func . ALL |
Control e}

. S e S S R R R ]
R XL TEL 2 < -
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3.2 HAHEH AR
< LWHESPITHER~E

|

PCSrc

Branch
\ MemtoReg

Control

Control | MemWwrite )
Unit | MemRead N
| ALUOp h
ALUSrc )
a RegDst RegWrite )
Rs 1
Read
Read [ o s i
PC > i 1
Ly ~ Tadgress I WL~~~
Sso Rt Read Read =gy
Sso register 2 datal S
IS S Zerof——————
Instruction Write \\
register Read | _ . \--———4——-___ o
d Resuie >
ata 2 - Address data
. Write E
Instruction A7 data e
memory S ] ALU

L ' — operation Wi

Iimm16 1 m > i
I 290 data  Data
'Il 16 W 32 memory

\Func : / ALU L
|
|
L
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SMIPSEHEER (P ELIBkEES )

>] add26 Op 26 bit Address ( for Jump Instruction)

\ (31-26) (25-0)
> ThEedtid

= PC€& PC+4[31:28] || add26<<2
> ThEe#ifk: Adder, BAr2s(HH)

ALU DM sign-  Nadd
A B Add. Wdata Xt
N\ Rdata2
&3 | PC | 4 Aﬁ:g;' PC| Rs | Rt |Rd|Rt Aékj' Rdatal | | Sign- | ALU |Rdata2|imm16 |Adder| Shift
ext
J¥g4 | PC 4\'\Empad
 —
\ N
PCHINBIBIEN % T —1EHE,

& n—A~ i —MuX
() E RE AR % 62
) S wReteERes
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3.2 BAMERA 5T (BB RBIEEB M E 4D

p
28 .
26 Shift 32 bits JumpAdd
left 2
—> A
PC+4(31:28) f
Add o ®
4 —>»{B
26 bits Addeess Jump
( Branch
\ MemtoReg
) Control \ MemWrite )
Unlt J MemRead h
| ALUOp A
ALUSrc )
" |rRegDst RegWrite A
\
Read Rs .| Read
PC > | register 1
> address 9
Rt .| Read Read .
“|register2  data 1 7| A
. 0 Zero[—
Instruction M Write
U — . f ALU
4Rd X register Read | _ > oM Result > Read 1w
1 data 1 » ”| Address d
. U B ata U
. Write
Instruction A . [ X X
emor data  Registers 1 0
y N ALU
. /‘\ operation | Write
imm16 [ sign ) “|data  Data
16 W 32 memory
(_Func ./ ALU \. J
Control
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for each {4
for each FFENR
case HJUAEIHZECHIBMH:
B3 R . HDLEAE: (F’, I7, 07}
case TG
B HEA A . sapLE#: (F, I, 0}
1 I A
for each ¥4
WERARIR

HREETT M-S IFRIEER, HERMARD
%&Eiﬁ for each FINRIEZ T 14K\ b
pRym A WELMUX (MUXHIH N BB\ RIEH)
MUXiZTHRE X« HDLEK

RG] B R e
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BN

541 BIuEALE N RS
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Hadi: BRINERAE EE S A
SUSEAN @
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AR R B —— PC

4.1.1. A HR
PC A FEEEEAK NPCB3 LM EEFEHE L . PC HIEMEUE KB RE
FrEATEIFE S . SRERRE(TPE) R E RS 2 LITREHAE, HEEER

M FER.-
4.1.2. BiE O
Z41PCENGESEX
554 77 1 £ %)
Clk I | MIPS-C 4hIE R 5P
Reset I EuES
NextPC[31:0] I | F—1TPCE
PCWr I |PCEfEg
PC[31:0] O |PCHH

4.1.3. higwe X
PC EHEMBLE— I FHE. ZFFEE PCWr A2 NextPC[31:0]8

TA2PCHIBEERKEN
WS | DRAEFHK IheeHiR
: Vst % Reset ESH IS, PC it 0xBFC00000-
2 pomy| | SHHLEFIBERE. POW: HHUANPC SARC . #E
M PC I OB

PCWr

Reset

NextPC[31:0] —»

D &H&F: Q

—» PC[31:0]

Clk
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#AHDL BB R — PC

14
17
18
13
20
21
2z
23
24
25
26
27
28
=3
20
21
3z
23
24
35
36
a7
28
a3
40

“timescale 1ns/1lns

module PC{ CLK I, Reset I, Addr I, PCWrite_IF PC O )

input CLK I; oy
input Reset I; iy
input [31:0] Rddr I; £
input PCWrite I; iy
output [31:0] PC_O; iy
/% internal reg and wire *

reg [31:0] addr ; A

/% read register */
assign PC O = addr;

syvstem clock
reset =ignal
next PC
write enable
PC output

latch the address

always!® { posedge CLK I or posedge Reset I H

begin
if {(Reset I)
addr <= ThBFCO0000;
else 1f{ PCWrite I )
addr <= Addr TI;
end

endmodule
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3.3 HFEIEIERS R RE T

“+ REIRSHIRSAY

CLK l I

N Elodsoa e PCEPC |

I i =\
PC Old Value >< New Value I I >< PC+4
I | | |
| IM Access Time I setup Time | |
' I < al

| I
Rs,Rt,Rd Old Value >< New Value |
Op,Func |
I

H—>: Control Delay

f
I
|
|
|
I I
I I
[ [
1 1
| |
| | I |

ALUoperation

Pe | Old Value | New Value

RegWrite | | |
| | ' I
| [« > Reg. File Access Time
l . | l

Read datal | ! |

| Old Value New Value '

Read data2 | | I |
| I |
| : |<—>: ALU Delay |
2 1 2
I

ALU |
(Write data) : Old Value >< New Value /m\ \
- T I
le > > >l élj NW it
I IM Access | Reg. Read | ALU | Ree. Write | €g. write
| . 8 | Operation - 8 I Occurs Here
ww”(f‘ f’L :‘J‘m’&‘f ALK :'xl\—
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“+ LWIRL 782 A

CLK
X Y
—» j«— Clock-to-Q |PC € PC+4 |
I | i I I
PC Old value | >< New Value | | >< PC+4
= | ——/|
| [¢——>»] IM Access Time |SE etup Time, |
I I | I
(R)SF;TL'JI:I?: | Old Value >< New Value | |
' i | | |
ALUoperation I | <«<—> Control Delay I |
RegWrite I I I |
ALUSrc I Old Value | New Value
MemtoReg | | | : A
| |<—>| Signext & MUX Delay | \\
ALU | I | |
i \B | OldValue New Value |
i I
| ! :
| Hi' »/ Reg. File Access Time | \
Read data: | I I I
(ALU Al) | Old Vvalue | >:< New Value |
: : [«———> ALU Delay : \
I I
?IID_lI\JAT;:I)t : : Old|Value >< New Value : \
| | | I
| DM Access Tirhe \
| | i : I| N
DM output | | |
(Write data) | | | (Ipld Value >< New QI
'4—>'<—>i<—+—>'<—>l y
| IM Access | Reg.Read | ALU DM Access | Reg. Write | .
' I Operation ' | Reg. Write
Occurs Here
1 NE o ALE AL IR

- " o &
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SRS EE (FBSPATHED
>R184 A HA
= Bi#84 (IM Access Time)
« HEER (Register File Access Time)
= ALUiZH (ALU Operation)
= E&F2¢ (Register File Access Time)
> LW1E4 A #
= BX#§4 (IM Access Time)
= &R (Register Access Time)
= ALUZE (ALU Operation)
= ¥ (DM Access Time)
= E&F2¢ (Register File Access Time)

[iﬁt,¢q¥ﬁmﬁéﬁﬁﬂﬁ¢qmﬁéﬁﬁ
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3.3 BRI EBEERE T
MIPSA GBI 5 SRIIEES EHA

Instruction
class Functional units used by the instruction class

R-type Instruction fetch Register access ALU | Register access

Load word Instruction fetch Register access ALU | Memory access | Register access
Store word Instruction fetch Register access ALU | Memory access

Branch Instruction fetch Register access ALU

Jump Instruction fetch

HURIE S F AR5 AR & KA S HII TR 8]

Instruction | Instruction | Register Data Register
class memory read uperatmn memory write

R-type 400 ps
Load word 200 50 100 200 50 600 ps
Store word 200 50 100 200 550 ps
Branch 200 50 100 0 350 ps
Jump 200 200 ps
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IR PATHSETHE
1. FR—: RAREAY, WG EASEYEENE— A5
m FEERAERKKIESRE (LWHE4) , N 600ps
B4R = 600ps
2. FRZ: ARREIBLSKAARESEL (T2RR8E D

N ﬁ&?‘“é\%‘tﬁ%‘*tﬂiﬂﬂ%ﬁz
w4 (600ps)  : 25%
— sw#g4 (550ps) : 10%
— RIS (400ps) : 45%
— begfg4 (350ps) : 15%
— j#84 (200ps) : 5%
0 ?ﬂ?‘ﬁéﬁwﬂj‘lfﬂ
600*25% + 550*10% + 400*45% + 350*15% + 200*5% = 447.5ps

_ERAATRGEY, MM ARRES, A
— BRI R AMES . EE, BFEX.

#755k: HEEHIESRBFRNESY, WRASANEA
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S AT AR ERERARRSEM AR ?
> BEEG, HeEPRERSEK
> M AR T EA P R RACERERE, W B
> (BRI SHBIAK AT EHENTER, W: Pt
XL VRS
SEIESHITORAIZAN SR, SRE—SBEER—/ AR,
NS ARSI AL, FRARIESHESEHE S
BB T—H#
>R
- BEMEE: FREHESHBTS BARR A%
s EERA: — IR T E—KESHITIRPERS X,
REREFEMMEASS GXMEZTRVAENEEHE)

5
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< S REMAYEBBRIT2MEEE
> EETINGH: IBSMBIEF A E— M EMES
>HE—APALU:
* REESERZEIZH ., BIBLEEHPC+4#1E. Beqtg & Mibk
& (PC+Signext(imm16)<<2) , #HEALUF AL
> IR E:
» =R EBAN, BSERN—IIRESET, @B ELEE,
BRRB| H—MRESRIT
» B E—PIPIT, BRMAIT—MRSE TR, 23R8t
W, T PSR AERERBEANE - MRESET
 Filt, HIEERFFEEN—PERSINEES, MRERES ST
BERHER GatE) , DEERSHIEEN S ANk H
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WS -~ v g K& > HAEZERRER B R BN e R
= r > B 5 SN $ B AN MRS T
N 144 5B EAEEBMRESHIT2,
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4.1 MIPSZ & HA%:

s Ay

REIESZEHAD

€ R[rd] € RJrs] op R]rt]

Op

(31-26)

Rs
(25-21) (20-16)

Rt

Rd Shamt Func
(15-11) (10-6) (5-0)

Ve RS WP HhEE | Mm—HES
& | " PC&EPC+4 ALU REES: R
i IS FRR
xF A € R[IR[25:21]] ‘
#% | '° | B <R[IR[20:16] TRk R‘{%ﬁ%ﬁf%ﬁ
S Emm—1E57FR
WHE | T3 | ALUOut€AopB ALU REAL LR,
ALUOuUt
' A AT
T4 |R[IR[15:11]] € ALUOut | &TFaa mﬁﬁg@\

77




-
4.2 % B Ab B AR ) S B IR @ B I IS 5

___— PCWe =PCWrite | PCWriteCond & Zero

p
e ( /7_,__@ PCwriteCond )
PCwrite PCSrc
-
~ lorD ALUOp
( MemRead | Control | ALUSrcB )
( Memwrite |  Unit | ALUSrcA R oM
@ MemtoReg RegWrite ) ‘m 28 1 )l:
: - > 2
e IRW(nte %RegDst ) 26 @
( HLLLLLLLLLLE: Instruction[25-0] L PC[31-28]
*| Instruction |2
L] ........I . [31-26]
PC ' . : AEEEER
he Address : ’_i Instruction |= Read Read | * -
t (. [25-21] |« register 1 = A =
E =/ Instruction |2 Read . .
. - [20-16] |3 register 2 . . grummmen
Instructiont || = - Read | = = . .
— : : LALUOUL
ordataf|] - - Write datal _.E“_Ar’ —> ute
b = Instruction % register Cannns| Zp TEEwE
HE [15-0] [= X
[ | =| Instruction |2 Write Reqisters
f || =| register | data 9 >
:| Memory |
*  data T3 _
= register |5 Sign
:IIIIIIIIII: eXtend
- A
L Func
\_ J
\_ )\ /
CAESEE S ET S o

BEIHANG UNIVERSITY




| A MIPSRLESERIT “

. REEEIR TR
—. MIPSHERINL
=. MIPSHEEAAE R BT
1.  HEEBRAEEER T
2. HEEAEHIERETT
3. HEEAMERES T
4. MIPSZEHAA IR R T
1. ZREHEEER T
2. ZEHAEHIEST
3. ZEAHAEEEDH

|

~_ I F T IR RRE

EEEEEEEEEEEEEEEEE




-
4.3 % Bt RE oA

< R EZTHRE R TTRYRIERTE]
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. ALUOut ALUOUt € A+ If (A-B==0) then | PC €« PC[31:28]

8 AopB Signext(IR[15:0]) | PC < ALUout | IR[25:0]<<2 | +O0OPS
REIZEA | R[IR[15:11]] | DR €« M[ALUOUL] 200Ds
PWEME | € ALUOUt | M[ALUOU] ¢ B P

5% R[IR[20:16]]

pet & DR R

NNNNNNNNNNNNNNNN

80




-
4.3 Z R tERE DT

< B s E HA

> B A& PR P RACHIETE :  200ps

ZAIBESHITHIE
REIFES  Lwigd  Swisd Beq#E<
TC1 IR ¢ M[PC], PC €« PC +4 200ps
A € R[IR[25:21]], B € R[IR[20:16]]
Te2 ALUOuUt € PC + Signext[IR[15:0]]<<2 200ps
Tca | ALuout ALUOUt € A+ If (A-B==0) then | PC € PC[31:28] |
& AopB Signext(IR[15:0]) | PC € ALUout 1| IR[25:0]<<2 P
R[IR[15:11]] | DR € M[ALUOUL]
TC4 | eaLuout |MALUOU] | € B 200ps
R[IR[20:16
TC5 ] < DR 200ps
800ps 1000ps 800ps 600ps 600ps

o It % R i‘aiki‘? 81

NNNNNNNNNNNNNNNN




-
4.3 Z R tERE DT

<+ Z B S ErE R $h E B R Fn R 5]
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< CPI: 18<$EITE$hEHA%L

»CPI: Clock cycles Per Instruction,
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(HEFHER) P 58S AR AR FIE.

- FEHESMACPI B A STREX.
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+MIPS: BARESEM
»MIPS: Million Instruction Per Second
> FAEIIES ERMIPSEE SR B LRE= Y
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