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MIPS#5

O#5<

SFHER
01005 %354 (P&H 33%) , 321MN&

BIN: EIK32M

v R-type: arithmetic instruction
v'|-type: data transfer, arithmetic instruction (ZRaddi)
v J-type: branch instruction(conditional & unconditional)

4? @ 574"2 K& X

é

and Technology of Chir

1|

I F 17

R-type op(6 bits)| rs(5 bits)| rt(5 bits)| rd(5 bits)| shamt(5 bits) funct(6 bits)
ALU
I-type | op(6 bits)| rs(5 bits)| rt(5 bits) Immediate(16 bits)
I-type | op(6 bits)| rs(5 bits)| rt(5 bits) addr/immediate(16 bits) move
I-type | op(6 bits)| rs(5 bits)| rt(5 bits) addr(16 bits) _
Jjmp
J-type| op(6 bits) addr(26 bits)
“&As&iﬁ.ﬁ—%%ﬁ’i
HIRBEQ¥E4 JHK->I2K -
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1. Immediate addressing

O ENEHE:  I-type e e

OFFsE3: Rtype GrolirerTe

OR5SHE: Hype =, ~
v'rs = BaseReg ] e

O S J()-type o
OfhERFIL: Jype — = [
|
| O—

v’ pseudodirect addressing

v 26 eIt A B 2{ar, e
EPCHIS Az | -
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REGISTER | NAME USAGE
$0 $zero & 2 0(constant value 0)
$1 $at 1R E6 25 [ 2R e5(Reserved for assembler)
$2.83 Sv0_Sv 1 tiﬁi}ﬂﬁfﬁ ik [E]{#(values for results and expression evalua
$4-87 $a0-$a3 EFEE FRE F(arguments)
$8-315 $t0-$t7 S0 ] (ShBE A E)
$16-$23 $s0-$s7 RITANER, EESAVE/RESTOREf])(saved)
$24-$25 $t8-$t9 ST H(eRkPEE AR
$28 $ap £ J&%8 $t(Global Pointer)
$29 $sp HE %35 $T(Stack Pointer)
$30 $fp tritE £t (Frame Pointer)
$31 $ra iE B3 4 (return address)
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$0:B0$zero,i% S 1728 mm B2, jjolzfl\ﬁﬁﬁ%%I?ﬂﬂT—ﬁ\f&ﬁvﬁﬂ’Jﬁﬁ%ﬁéiﬁo (#%51¢. BEQFIOLLES)

move $t0 $t1 FRJg d $t0,$
ERThiE _Ilo{f’sﬁ’%ﬁc%, LRIERF ?m1ﬁTttﬁ§1¢E$*E’J? S5,
$1:B0$at, ZEHEFEm A LHRE, BTIRE E’];Eﬂ?ﬂl%ﬁxzxﬁmu EMBKREHET, WESSOLEEFEZERKRERIRFA, REE

KTEK, LCRIEFLE—NIRRFERRELEREY, XBREALE RBESatIREZ—.

$2..$3:($v0- $v1)FH??sz”E’JEIE,ac,ﬁf—’*%‘JZLEIEHE XT:J:?Q:EF_;IM—Ifgﬁ%?&&yM—IL@ MIPSSEEIBE—EXE, ik

#ﬁiﬂA@J%ﬁ%@ tl:!luﬂu%z—/\szu_LEﬂ%ﬂﬁ-EE lui CEXNSA A% FaddifiRigs . 1%Mlpsizr“¢ﬁﬁﬁu§%ék%%*;ﬂmi YRR
%
ENHMNBEANCPUSHE, HENNBNESRERMEY, YXANSHEEFEERORCEER, %hiteidid e ke

$4 $7 gtao $a3) kLS8 Tz, TBEAMEK. a0-a3fvo- vlu&ra—ﬁ_%‘gﬁﬁi% /312, DHRMEESH
%fnﬁﬁhfi@ﬂtﬂt WEBGHE SIS HREN, REBHE (stack) T MIPSHIZR 2L &R P EES B2

ﬁ'ﬁ ?1

$8..$15:($t0-$t7)ImFT & FE, FREFAILUMERENMARRE
$16..523:($s0-$s7) (R 17 5 17 8= Eﬁ%zwﬂﬁﬁﬂ#zqﬁ‘%ﬁﬁﬂ’l CHUABAREAIRS, TOESPAISa) | MIPSEH [ IR % 2825 u
REFFEeE, XML T SR gllllng B .%FHE’JE%HSL JT‘ 22 HTHE), ﬁw%*?" Hix—AMt (eah)ide (FEAH
IRHITE2) RORTR, SR IIEH‘I%T%%&'%H T A EREERENSFRS

$24..$25:($t8-$t9)[F]($t0-$t7)

$26..$27:($k0 $k1)jj¢7§1’ﬁ’%iﬁ/ BERE, ZLEMB—. ®E (G B2-MAEEEEFFEXNFRINEE. MIPSEAN
ﬂﬂﬁ%fzfl+§&ﬁ= (exce tlon am counter, EPC)E’]EIT;Z%%, }%?C 057788, ATRfE X 1k ;
ENE—FH AR EE TS %ﬁti 154 mfco fmove from system contro rz_ﬂwlé’r PCHhfy it

BkaEiEa (i), ﬂ%ﬁguj_@@uu}z %éﬁ%ﬁ%éﬁé&% SHIT. MIPSIZF REUAMIR B S RSkORMSKL, BIBMERGREM. %4
CEH, KB ENET S, %58 10 R I P KOFIKL, 52 R0 T 6 B AT i3 [ Mo F ) o P4 o B E T — 1, SR T 52 P
%ﬂﬁ&%ﬁ%#%&%&ﬂﬁ
gm)jmaﬂ SAHIRROE], MIPSEHRE T — A S HE: %)E'ﬁ‘a‘%%oglobal pointer $ap), , 2 R EHE BB ASMHREC f i 15 (T
E}’g’iﬁg tg% ?"T%EEu:ngEJ:T&KB,EIWE’]?SZ?EH‘I, QAEE— KRRt SEIR . 7EHRIERT, BIEMTEgpRESEE
/E.

$2%($?E)M%E§£iﬁtg¢9%2%xiﬁiﬁ% RAILGEERTRINER, BATERAMNANEFSILAIAERRNER, EREETIXNY
i X IX

$30:($fp)GNU MIPS CHmiFas{¥ FH T iig%t (frame pointer), MSGIMICHwiIF=ZREBFEH, MERXNFERLERESHFSEH ($s8),XT
ETVEAMEREFHE, BEm TRBERNER M.

$31: ;$ra)7¥ﬁ5u_@iﬂjijt MIPSAENjal(jum £and -link, BR4% I sk gi’av, TEPREE B FE AN AR, BT —&IgS Mt EISradh. BTX
BHFER, SIaEREFISHNEISa0~$a3 sAEjal XBhRIXITAZ, HIEAe5e /s 1L R EISV0, $v1,%)=1§Fﬁjr$raﬂi|El



MIPS1E S BRI Overview & YOM2EL S

OSLIMA RIS ZH TEMZ2HEREIR, S58SER X
v BEliE: ¥ PCL_EMEM
v ElE: IRIBIESFPROHHE T T
n?ﬁu?ﬂ%fﬁ%ﬂﬁé\?ﬂﬂ, (BEZELIBESIEFE LM
/ﬁﬁLﬁi
- RFEALUIEZS add $t1, $t2, $t3
o IZBALUIES addl $s3,$s3,4

v A H?S’*”#E tEHEZA, NEPEFEAALU
« ITFIESERALUTERIE Iw $51,100($s2)
- HiZESERALUSTRITE add $t1, $t2, $t3
« DTZIESERALUFHITEELLE beq $t1, $t2, name

vEHE, EMMESHIIEMRART
- Ti17¥E /\S(‘H%Eﬁ% SHITIES lw $51,100($s2)
- HIZIESBALUERER S FSE add $t1, $t2, $t3
« DIESHETIEERSERIEN T —FKIESHIHLL beq $t1 $t2 name




T EESHEIER

ORIR{EZ AN B Ay
?Wﬂﬂf%ﬁ

:’t
HA

add $t1, $t2, $t3; $t2+$t3->$t1

[RC]

L) FEHZE L% g

and Techn Ithl

Address A ——»

Register
file l—  Address C
Address B ——=
A B
Immediate value
— \ 4
[RB] —l l
0 1
[RA] \ MuxB /
| ] l
mA N 1B
ALU

R-type | op(6 bits) | rs(5 bits) | rt(5 bits) | rd(5 bits) | shamt(5 bits) | funct(6 bits) |



M EVBOTEIES I EIER ) FERZLL %S

Of8—MRSEFaRE
L . N7 —— o | €88 .
ME” ?& ni I? HH H Register «——  Address C

file

AddressB ——=

'? Immediate value

1 U
w o

!
addi $s3,$s3,4; $s3=9%$s3 +4 IIIA /"~ B
ALU
ype | op(6 bits) | rs(S bits) | rt(3 bits) |mmed|ate(16 bits) out

[RC]
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MIPS1E S ##E1B g Overview &

O SCI AN B4R M§ﬁ:¢%%ﬁﬁm,5%%%@%%
v Blf5: ¥PCEEMEM
v B (% ﬂ) : IR\ S F RIS IS EF Fas
EHMﬂsT%YE%/l\?EéVFIE, {B[E£i5SIEE R
v %ﬂii_iai
- REALUIES add $t1, $t2, $t3
. IZRALUIES addl $s3,$s3,4

v A H?S’*”#E thBEHE L, WEZFEHALU
« I8 S FERAALUTERBLE Iw $51,100($s2)
- HiZESERALUSTRITE add $t1, $t2, $t3
« DTZIESERALUFHITEELLE beq $t1, $t2, name

OHGF, STMESHIERART
c IFIESXNEHABHEITIEE 1w $s1,100($s2)
- HIZIESBALUERER S FSE add $t1, $t2, $t3
© DR HETHERERES T —FKIELHIM beq $t1 $t2, name




MIPSIs A BiE @I B E ) FERZLLX g

add $t1, $t2, $t3

addi $s3,$s3,4 arithmetic load
lw $s1,100($s52) .
sw $s1,100($s2) ‘ J/
// \\\‘
Data / e
/ A
/
Register #
PC > Address Instruction Registers Address
) Register #
Instruction egiste
memory Data _—
Register # memory
Data
'\\
op(6 bits) [| rs(5 bits) | rt(5 bits) [ rd(5 bits) | shamt(5 bits) | funct(6 bits)
op(6 bits) |[ rs(5 bits) | rt(5 bits) addr/immediate(16 bits) Sto re
op(6 bits) addr(26 bits)
"’ BN R HRIEE
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Read register Write
number 1
Register 0 |——e» 0 } C
. 1 Register 0
Register 1 o=
; Register number n-to-2n 2
u ~ Readdata 9 decoder } c
Register n - 2|—e = 2 el Register 1
=D
Registern - 1}e » n
Read register
number 2 l } C
Lpf Registern-2
" D
1M
Read dat ¢
= U -
R Register n-1
- X Register data D

BRNARARIEER
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RegFile1s B #e{E ) AR
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O FEFXHE—TEBAFERMEM—1E51E.

v E—NEEA, EARECAILAEIRTERIEE#RE, BiZHE E— 1 EHEANE
O FHEEXHAERFNFITIRMERE. AT HE:

v |BE (late write) : fEEIFEEIEHIE, ERFXBEIRSHIE.

v &5 (early write) : 5SFEE#HK.

vV AMAEREETAaMER? (BE)

Input data

v

v

Address A ——»

Register

Adr 1 file
Address B ——»

—— Address C

A B

|

Output data

g EMBEDDED SYSTEM LABORATORY
SUZMOU INETITUTE FOR ADVANCED STUDY OF USTC
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E1E BRI 1T =D 1T %l BRI T
EHIESHI{ER?
EHE S HIRIR?
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O <A = m A5 8. #l=2RH = n BJsh/EHA
O S5 EHSEI: $5<RAHA = 1 ¥MlzsAHA = 1 Bf3h A HA

v" All stages of an instruction are completed within one long clock
1. Instruction 2. Decode/ 5. Reg.

cycle.
3. Execute 4. Memory

v rEEHE S EE 4 Fetch Register ™ ' Write

O ZFEHASCIN: $5<2BRA =n m =[EEA = n B B HA

v Only one stage of instruction per clock cycle

v IR AR (= MlERRIRR) TR Em AR EEFIES

1. Instruction 2. Decode/ 5. Reg.
Fetch Register 3. Execute 4. Memory Write
Read

J | )\Eitii —93‘3‘52.2

' EmMB TORY
SUZMOU INETITUTE FOR ADVANCED STUDY OF USTEC 18
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OF K5 A HA
v'All stages of an instruction are completed within
one long clock cycle.

v R R B IA 8/ A& 73 3\
s FRAHRSENMHN—MAFENIT, AT —TEER

1.‘Instruction : é Decode/ o B : é Reg. ’
Fetch Register 3. Execute 4. Memory Write
Read
“&Aﬁﬁﬁ%%ﬁ‘i

R -
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BY#5 Instruction Fetch NS vy ofsience s Techmologyof i

ST K3211

Read
address

Instruction

Instruction
memory

BRNARARIEER
EMBEDDED SYSTEM LABORATORY
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~ 6

Control

funct add $t0 $t1 $t2
.| Read
Register 1 Read
data 1 '
Read
Register 2
- Read
.| Write —
Register data 2
Write Register
Data File
RegWrite

Datapath

Control —,

Points

(“write enable” control point)



R-typets S HIHIT

B

R-type

Instruction

l RegWrite

Read 3 *ALU operation
register 1 Read
[r——
Read data 1
register 2
Registers ALU Ay

Read -
Write data 2
data

op(6 bits)| rs(5 bits)

rt(5 bits)

rd(5 bits)

shamt(5 bits) funct(6 bits)

.+ HEBHERME

- B FHTFFRET, WHFFRNEE AR5 D

- 5: BEFFRRTNZERETRegWrite, I eIZHEAER
- HE—ANHEMA, REGHUAFERIEEHRME, ERHNE L IMRHBBEANEGES)

"
EMBEDDED SYSTEM LABORATORY
SUZMOU INETITUTE FOR ADVANCED STUDY OF USTC



type | acdr (16 bits) rt Id 11 B Bi/swRIE

ALU operation
| Read 3
“| register 1 Read MemWrite
Read data 1
Instruction register 2 zero— |
_ Registers >ALU ALU Read
er_tet result —>| Address data
register Read ‘
: data 2 g JY S

— \(;\z/artlz;e Data

memory

data
16 . 32 /
\ .| Sign MemRead

N | extend SwW lw

\

Olw $t1, offset($t2); M($t2+offset) -> $tl
Osw $t1, offset($t2); $t1 -> M($t2+offset)
OFZEXN1ESFRIV16AIRBIHITI2{L “FE“?‘P%#}‘ 55

A4

RegWrite
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HY 2 3518

Itype | op(6 bits) | rs(5 bits) | rt(5 bits) | addr (16 bits) |
R-type | op(6 bits) | rs(5 bits) | rt(5 bits) |rd(5 bits) | shamt(5 bits) | funct(6 bits) |

R-type or I-type? HiZorijif?

BAdd

4 w—>
Read Reqgisters |
register 1
P | REQd
address Read q F\’teald
. register 2 ata
Instruction .
Write Read Address Readf
register data 2 data M
Instruction Write u
memory “|data . m[e);tg X
| »| Write ry
K data
N = |
o
Rl store r
I-type

R typr‘ BANK R R

EMBEDDED SYSTEM LABORATORY
ST
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PC + 4 from instruction datapath e
> Add Sum Branch target
—p>
ALU operation
Read
Instruction register 1 Read
Read data 1
register 2 To branch
Registers .
Write control logic
register Read
Write data 2
data
RegWrite
J-type | op(€ bits) | rs(5 bits) | (5 bits) addr (16 bits)
16 si 32
ANEI Ign

v ARSI T — S ia St At

v addrBF S BRE, £#2(0 (EX3%) ,
ek “32(i=Fibit” (PCHEXTFE)
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add $t1, $t2, $t3

addi $s3,$s3,4 arithmetic load
lw $s1,100($s2) .
sw $s1,100($s2) J/
// \\\‘
Data / e
/ A
/
Register #
PC > Address Instruction Registers Address
) Register #
Instruction egiste
memory Data ]
Register # memory
Data
'\\
op(6 bits) [| rs(5 bits) | rt(5 bits) [ rd(5 bits) | shamt(5 bits) | funct(6 bits)
op(6 bits) |[ rs(5 bits) | rt(5 bits) addr/immediate(16 bits) Sto re
op(6 bits) addr(26 bits)
"’ BN R HRIEE
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p——)
>Add l 57
4
Registers :
] Read U 3] ALU operation MemWrite
P C ds R;g\ register 1 Read | ‘
address Read data 1 g MemtoReg
register 2
Instruction _
Write Read -\ Address I?jead —
Instruction register  data 2 . ata M
memory \é\gt';e X Data X
: I >\ | write memory
Regerte| "| data
16 . 32
« [ Sign
™ extend MemRead
HRNK KA RITE

EMBEDDED SYSTEM LABORATORY
HOU INBTITUTE FOR ADVANCED STUDY OF USTC

RS ST HE ?



ALUIEFIE S

op(6 bits) | rs(s bits) rd(5 bits) | shamt(s bits) | funct(6 bits)

\\~7J "

o TV T R WS v

op(6 bits) | rs(5 bits) addr/immediate(16 bits)

MemRead

Etc.

op(6 bits) addr(26 bits)
Example: add $8, $17, $18 -
( ALU op%ration
4 l
”’
Qoo00o00 | 10001 | 10010 01000 Qo000 | 100000
op rs rt rd shamt funct

0000 AND
0001 OR
0010 add
0110 subtract
0111 set-on-less-than
1100 NOR

' EMBEDDED SYSTEM LABORATORY
SUZHOU INETITUTE FOR ADVANCED STUDY OF USTC



op(6 bits) | rs(s bits) rd(5 i) | shami(5 bits) | funci(s bits)
IR

g~ =

op(6 bits)

op(6 bits) addr(26 bits)

Instruction | ALUop | Instruction Funct |desired ALU ctrl
opcode operation field ALU action | input
LW 00 Load word XXXXXX | add 0010
SW 00 store word XXXXXX | add 0010
beq 01 Branch eq XXXXXX | subtract 0110
R-type 10 Add 100000 | Add 0010
R-type 10 Substract 100010 | Substract 0110
R-type 10 And 100100 | And 0000
R-type 10 Or 100101 | Or 0001
R-type 10 tShe;non less 101010 tShe;non less 0111

2frALUopM6frfuncdlE, FEAEALU ctrl_input (BR46ZALU operatlon)
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PCSr
> 1
>Add l M
X
4 0
RegWrite
|
Instruction [25-21] | Read
Read register 1 Read MemWrite
| P C fugmp . —)
address Instruction [20— 16] | Read data 1 ALUSTC | MemtoReg
Instruction register 2 Zero
31-0 1 : Read 1) DAL ALU
31-0] M Write data 2 result Address Readl(7
. u register M data
Instruction Instruction [15-11] | x Write u '\Lf
memory ¢ > 0| Plgaa Registers | . )8 X
0

write Data
memory

RegDst | data
Instruction [15- 0] 1\6 Sign 32 :
r v\ extend MemRead
: 7 ‘
Instruction [5-0] s
|

\  ALUOp /
— ——

O ALALUopFIfunctE & P2 ALUITHIE R

"‘ BAX KRR

‘ EMBEDDED SYSTEM LABORATORY
SUZHOU INETITUTE FOR ADVANCED Stuoy or usTe
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R-type | 0(31-26) | rs(25-21) rt(20-16)hamt(10-6) funct(5-0)

I-type | 31-26 rs(25-21N rt(20-16) Imm (16 bits)

I-type 31-26 r

(ds)

(5 bits)| rt(5 bits) addr(16 bits)

O+ S8\ 740
v IR1ERY: 7£31-26
v BRIELEIR- type EESE5-0
v BeYtbll: EEX BT Fes 1 TIRFEE T

e X¥fR-typetg%, 7trd
« Xtload/I-ALU$ES, #Ert

“ BN RS

R -
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PCSr

1

>Add l . M

X

4 0

RegWrite >
|
Instruction [25-21] | Read
Read register 1 Read o MemWrite
~|PC address Instruction [20— 16] Read data 1 ALUSIC | MemtoReg
. ~ | register 2 Zero
Instruction ~ 1 w : Read > ALU ALU
[31-0] ( M rite data 2 1 result Address Readl(1
: u replster M data
Instruction Instructiog [15-11] | x [  Lwrite u M
memory ¢ — = 4ata Registers | . )8 X
write  Data 0
RegDst »ldata Mmemory
Instruction [15- 0] 1\6 Sign 32 :
r T\ extend MemRead
Instruction [5-0]
ALUOp

4 \

R-type |0(31-26) | rs(25-21) rt(20-16){rd(15-11) }hamtmo-s) funct(5-0)

[ N\N—
"‘ BAKX RS DRI

ltype [31-26 |[rs(25-21\ rt(20-16)] ) Imm (16 bits) 7 St
N , itttk S




NEDAZLEL XS
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* %IJ rAY %IJ 1= = i }ﬁ University of Science and Technology of China
Aag = 1L =T

O opig (6iL) IF~EpIEHIES: 81

v RegDst: HEFriskrdiE R S#RENENEFH J -

« R-typetgd (1) 5 I-typetgS=i&— (0) 8ranch
v RegWrite: &HFssER{EiTH| | MemRead

; . |

v ALUSIC: ALURIE = MB{ESRIE Instruction [31 26]\cmm|. e

. R-typei'é‘% (0) El-type?a% (1) I'. [ MemWrite

(&branchig%) —it— | ALUSrc

v' ALUOp: R-typetg< (2fu) \_ ﬂglwnte
v MemRead: 7Ff#z51EITH, loadigE<
v' MemWrite: ﬁﬁ.ij%%'_%'j?%l] StOI’E‘:l:Hv ltype | op(6 bits) | rs(5 bits) | (5 bits) | addr (16 bits) |
v MemtoReg- EEI‘]%:@%%;&TE;Ei}_ R-type | op(6 bits) | rs(5 bits) | rt(5 bits) [rd(5 bits) | shamt(5 bits) | funct(6 bits) |

« R-type (IZKALU) {4 5loadig4$Zik—
v’ Branch: &9 %iES (FFZEPCSrc)

O PCSrc: nPCKIEIESI, INFS57 I —ik

v “BEbeqisd (Branch) ” & “ALUMIZeroRESHH"

"’ BAX KRR

EMBEDDED SYSTEM LABORATORY
SUZMOU INETITUTE FOR ADVANCED STUDY OF USTC



e N | -
EHI{E S0 Signal
O HHSFESERI/R inputs | op5 (26) |0 1 1 0
O R-typefd4 (1) op4 0 0 0 0
O load#84 (0)
O ALU— 8/ 8RIE op3 0 0 1 0
O R-typefs< (0 op2 0 0 0 1
O I-typefs4 (1) opl 0 1 1 0
O HR&FFRIE
O MEM (1) op0 (31) 0 1 1 0
O ALU (0) outputs | RegDst ] -
O BENEFHFEES ALUSIC
O a8
O fifeseE Memto!?eg
O R 7 NBranch RegWrite
O ALUOP 24% + 6fifFunc MemRead
PAALU #HIES MemWrite
Instruction | ALUop
opcode Branch
- o ALUop1l
SwW 00
beq 01 ALUopO
R-type 10
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chzo

Add

NV

PCSrc
RegDst

Branch
MemRead
Instruction [31 -26] MemtoReg
Control ALUOp
MemWrite
/ ALUSIc
RegWrite

Instruction [25 -21] Read

Read " register 1
pC address g

Read
Instruction [20 -16] Read data 1

! "| register 2 Zero
Instruction .
[31-0] ‘—v Registers Read ALU ALu

Write data 2 > Address Read
register result data

Instruction

memory Instruction [15 -11]

Pxez©

Write
data

chgo\

Data
memory

OXCZH

Write
"| data

Instruction [15 -0] 1\6 Sign %2 :

N lextend [ M

Instruction [5-0]

BRNARARIEER
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RtypeleSHHiTiHiE 2 ©FeAzaLxs

O add $t1, $t2, $t3; $t2+$t3->$t1

Ox— N EHARFTTAR A T EME
vE—: BlIEFIPC+4
VEIZL: A NIEBRIERFFRS2F$t3
vEB=1: ALUIRE
VENY: FRERBHNFFRL

R-type | 0(31-26) | rs(25-21) || rt(20-16) | rd(15-11) | shamt(10-6) ||funct(5-0)

“ BN RS

R -




— MEDBAZLL X
R-typets SHIMITERF oo

> 0
M
u
X
> ALU
d result L
>Add
RegDst
4] —]
Instruction [31 26]
Control ALUOp
RegWrite
Instruction [25 -21] Read
»| Read register 1
PC=—" address , g Read
Instruction [20 -16] Read data 1
. register 2
Instr[t31(itlo(;1] l—'/o-\ _ Registers Read >ALU ALU
_ M Write data 2 >0 result Address Read 1
Instruction u register M data M
memory Instruction [15 -11] X Write g u
&[/ data "¢ erarlEgry oX
o| Write
data
Instruction [15 0] 1\6 Sign 3\2
N lextend [ M
Instruction [5-0] r

add $t1, $t2, $t3

EMBEDDED SYSTEM LABORATORY

SUZMOU INETITUTE FOR ADVANCED STUDY OF USTC



nd Technology of Chir

RT3 Q) FRAZLLS

W=y

O lw $t1, offset($t2); M($t2+offset) -> $t1
O%F—2: B¥EMPCH+4

OF "2 572

O =: ALURMETR$2E5 RS RGRI16{iLoffset/N

;;

OF M : ALURNERIERTLFIRIE, EFEHIBEBMEM
OxFHP: AFEPRIEEEES
-type | 35/31 rs(25-21) | rt(20-16) addr (16 bits)
“&Aﬁfﬁ%%ﬁ‘i

R -
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FRABZLL*X S

University of Science and Technology of China

>Add

Read
address

PC >

Instruction
memory

Instruction
[31-0]

lw $t1, offset($t2);

0
M
u
X
ALU
Add result 1
MemRead
Instruction [31- 26] MemtoReg
Control ALUOp
ALUSIrc
RegWrite
Instruction [25—- 21] Read
register 1 Read
Instruction [20— 16] Read data 1
| ~ register 2
0 ~ Registers  Read r >ALU ALU
M Write data 2 0 result Address Read| 7
u register M data M
: u
Instruction [15- 11 X : u
[ ] 1 Write X Data v
\_/ data >l 1
) memory 0
Write
" | data
Instruction [15- 0] 1\6 Sign %2 :
N Tlextend[ M

Instruction [5-0]

EMBEDDED SYSTEM LABORATORY

SUZHOU INETITUTE FOR ADVANCED STUDY OF USTC




begqts CHIPUTIHIE

O beq $t1, $t2, offset

O%—2: BYEFPC+4

O3 =%: E£FFaE51, $t2

O3 =: ALUNEStLAISt2HHR; PC+45%

ERARAHFHHITH S RER16{Ioffsettq
m, 1EA5 X Bfrttuilt

O ALUBZerofEMNE{FPCHY &

P -

J-type |4 rs(d bits) | (5 bits) addr(16 bits)

“ BN RS
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FRABZLL*X S

University of Science and Technology of China

0
M
> u
R X
ALU
>Add result L
>Add
L - =~ \
4 — Branch l \— V4
S -
Instruction [31-26]
Control ALUOp
Instruction [25—-21] Read
.| Read "| register 1
PC address . J Read >
Instruction [20— 16] Read data 1
. "| register 2 Z€ro
Instr[gitloor} I—» 0 ~ Registers Read 5 >A|-U ALU d
. M Write data 2 g result Address Readl__, ()
Instruction u register M data M
memory Instruction [15—-11] | X Write g y
> 1 data ! Data X
memo
Write v 0
"| data
Instruction [15-0] 1\6 | Sign ?{2
N lextend [ N
Instruction [5—- 0]

beq $t1, $t2, offset

EMBEDDED SYSTEM LABORATORY

SUZHOU INETITUTE FOR ADVANCED STUDY OF USTC



jumpis<

"i*@é’#é&#‘%g

J-type

2(31-26)

addr(25-0)

OF &R, LT Birtbitaoss

v PC+4H) & 541
viESF R 26t
v B KA ALAM00

OHtE” . REAF R

O1E 0 —Njumpis 1R AT H)

“ BN R AR

R -




. = 'j A
jumpis £ B St b LA

Instruction [25-0] | @\ Jump address [31-0]
\ \
26 Wzs o L.
PC+4 [31-28] ) '\lj' '\lf
\ X X
i ALU
Add eyt 1 g\
> Add
Jump
4] —
Instruction [31-26]
> Control
Instruction [25—21] Read
»| Read register 1
—|PC address . g Read
Instruction [20—16] Read data 1
: | register 2
Instr[gitlo& 0  Registers Read ALU ALu
, M Write data 2 0 result »| Address Readl )
Instruction u register M data M
memory Instruction [15—11] lx Write )L: Data )lg
data —| 1 _ memory 0
Write
" | data
Instruction [15-0] 1\6 Sign ?\’2
N Tlextend| M
Instruction [5—- 0]
HRNRASRIER

EMBEDDED SYSTEM LABORATORY

SUZHOU INETITUTE FOR ADVANCED STUDY OF USTC [I 3
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H‘I %EF Instruction [25-0] \ @ Jump address [31- 0]

26 @28 o L.
PC+4 [31-28] ) '\lj' '\lf
\ X X
ALU
Add eyt 1 g\
> Add
Jump
4
Instiygtion [31-26]
> Control
Instruction [25—21] Read
»| Read register 1
—|PC address . g Read
Instruction [20—16] Read data 1
: | register 2
Instr[gitlo& 0  Registers Read ALU ALu
, M Write data 2 0 result »| Address Readl )
Instruction u register M data M
memory Instruction [15—11] X Write )L: u
1 data {1 Data X
memo
Write v 0
" | data
Instruction [15-0] 1\6 Sign ?\’2
N Tlextend| M
Instruction [5—- 0]
HRNRASRIER

EMBEDDED SYSTEM LABORATORY
SUZHOU INETITUTE FOR ADVANCED STUDY OF USTC




A4 B BA RO R E 75 5K Q) ¥eAzLLxg
OE5h B B X R R HRE

O < 52 B R AR = #r 5 SHITRT ) &R 1K ?
v PCET$h #1381k =30ps LA F=250ps
v EEERiE=150ps FHFEE=20ps
vALUITE=200ps Z N ZERiEFFL25ps (JL1? )
OE 3R, FirFEEm

Tc tpcg-PC + tmem-1 + tRFread + tALU + tmem-D + tmux + tRFsetup
(30 +250+ 150+ 200 + 250 + 25 + 20) ps
925 ps

1.08 GHz



EXBEHo R EKEE? O tBaz8L%7

O i%fEFHloadF24%, storeF12%, R-typeBF44%, beqB18
%, jumpB2%. {Ri%load, store,R,beq,jumpis4 Biat[a) 452
8,7,6,5,2ns (AT 3R) . MMRETHEREIE, FEHKIET#HA
8ns; WRETHEIEAAER, REAHARR#HALLAZ2ns~8ns. i3
EL &2 Bt E < B B HASE I AN A E < 22 B BASC I RO T B

84 inst |Reg |ALU |Data |Reg | Total
MEM | Read MEM | write

R-Type |2 1 2 1 6ns

lw 2 1 2 2 1 8ns

sw 2 1 2 2 ns

beq 2 1 2 5ns

jump 2




f'i*@é’#é&f# é

%E,ﬁﬁgfﬂ and Technology of Chir
O 2 F TR 8] =35 S % X CPIX B3 /& HART 8]

045 R =4 33E 2 =819 3 HA

L IIE S ITETE] =8 X 24% +7 X 12% +6 X 44
% +5X18% +2X 2% =6.3nS

O
OF ik, TEEELIMEEKE B HISS IR
8/6.3=1.271%

“ BN RS

A A7




EXKBERvs. TEKSEEY QO ¥eaAz48xs

Single-cycle Implementation: E¥¥84 F#

C|0Ck‘
ﬁ a) D
@ beq $t0,$tl,L

add $t0,$t1,S$t2

Multicycle Implementation: ASiEK354 &

clock

> < > <

add $t0,$tl,S$t2 beq $t0,$tl,L
« Multicycle Implementation:
less waste = higher performance A‘&"i‘ﬁﬁ%fﬁ-
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O 1R 372 ?E‘u TR IE AR TIRERR M, RFITEREXI 5
RETIE, BTME—1TER (28 EH)
v EQ*?EEI’HE“ A LA T RE

O HT‘EFFJ:E HAff xE
/I\H HH E’J __1?)3%:'2%‘&]—' B lr;:sézgﬁtlon 2 E:e;;%?g 3. Execute 4. Memory 5 Eﬁﬁe
v 1Ffzi§t TEEARFIATERR |

« —XMEMifg), or
« —RE1EHLiFE] (2 reads or one write) , or
o —RALUR{E

“ BN RS

A 749




ESHITHIM ER R4 (OREEE TS

1. Instruction 2. Decode/ 3. Execute 4. Memory 5. Reg.

D :II:E.\L—)/I\ B{I\Eﬁ Fetch F;{Z%ijter Write
v BN# | .

v IERME . TtEbeqHE Rt L
v #1T: R-typefsSHIT. hERMIELTTE, SR
v iFTR: Wi, storefR-typets S 5Tk EL
v B[O IwTeR M L
OF%
v EKHz5EHA: #la5 A HA=RT5hE EA
V AEKIESEAA: 7alR3. 4. SO HLEREHS
Oz s RIE 25 B HAFRR & HigH{E S

“ BN RSB

A 750




% [E| BR 2 48 18 B

FRBELLXS

University of Science and Technology of China

i BRI

PR - 4
e - /
- - /
/ PA - - /
/
PC (0 al ; I_‘; 5 p
M e Instructio a| Read M ’
u Address [25-21 " | register 1 o u 2
x” - Read jmmtp! x b’
Instructio Read ea A G
L Memory [20-16 register 2 datal —l-V 1, ALU ero
MemDatal ) Registers ’ ALU ALUOu
Instructio Write Read ‘ result
[15-0 register  gata 2 > | ()
\é\gt';e Instruction Write I" 4|1 M
register data — [ > U
Instruction 0 - ‘ 3
[15-0] M
u
X S
Memory 1 ‘\
data %6 \
register > "
\
\\
\
\ \
X \
\ \
N ‘\ ‘\
\ \ \
SW ‘ ‘
lw/sw Ded
"’ HNK RIRIEE
EMBEDDED SYSTEM LABORATORY
A SUZHOU INETITUTE FOR ADVANCED STUDY OF USTEC 5 1
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University of Science and Technology of China

Instruction
regi
‘ gister o| Data
PC ddress "

A .

_— | Register #

smory ns r:r# dl;;f; Registers >ALU ALUOUT

Memory | Register #
data B -

=MD ata register | Register #

— ALU. &/F4%. i, ZHES

Add

Read Registers
register 1

Read
Read

| register 2 data1
Write Read
register data 2
Write
| data
|
S| extend HRNRRARIEE
EMBEDDED SYSTEM LABORATORY




op(6 bits) | rs(s bits) rd(5 bits) | shamt(s bits) | funct(6 bits)

W2 iR

54 j| )E]:F;'i%HE = op(6 bits) | rs(s bits)
“7 |o ,H Tl =]

op(6 bits) addr(26 bits)
lorD MemRead MemWrite IRWrite RegDst RegWrite ALUSICA
PC 0 »/0
M Instruction »| Read M
u Address [25-21] | register 1 u
X Instruction Read Read A X
> : v Zero
= Memory [20-16] I " | register 2 data 1 [N 1 > ALU .
MemData [ . 0 _ Registers ALU | ALUOU
INStrucCtion |uy M Write Read result
[15-01 [ | nstruction| U register  data 2 | B 0
Write ; 15— 11 X . M
= data Instruction .| |. 1 Write 4 =p| 1 u /
register data > 2
Instruction >0 3
[15-0] M
u
X
»| Memory > 1
data S
register [ >
Instruction [5— 0]
] I
MemtoReg ALUSrcB ALUOp
"‘ BMAKXRAREE
EMBEDDED SYSTEM LABORATORY
A SUZHOU INBTITUTE FOR ADVANCED STuoy or usTC 53
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ZHl{ES

FRBELLXS

University of Science and Technology of China

A
u?— /I\j: H HW PCTA[{,, <)
E
lorD MermRead Mermilrite IRWrite RegDst RegWrite ALUSrcA,
L PC o) . 0
M Instruction Read M
u Address [25-21] register 1 v
X . Read
Instruction Read —E'_l—' X
L Mermory [20—16] -y register 2 932 1 1
MemData [r=—f— . 0 Registers AL O
Instrudion |e M Write Read| B
[15=011 i nstruction| U register  data 2 0
Write ; X
Instrudtion Write 4 1M
data register g 1 data 24
Inst?.ldinn 3
Memory
data Sign
) 4 N
register [ —— e g
| nstruction [5— 0]
' I
MermoReqg ALUScB ALUOp

,EE\%: yg'ﬁﬂ-E

BHEAN FEZPCEZH?

‘ AKX R AR

R

EMBEDDED SYSTEM LABORATORY
uuuuuuuuuuuuuuuuuuuuuuuuu STuoy or USTC



PCHY S 12 &)tearatis

University of Science and Technology of China

O 3#F 5
vV ALU: PCHARMIHERFAPC, FHE (BUEME)
v ALU: beqis S HIEFRitbLE GERBREL)
v ALU: jumpiE4 J-type (RIZETFRLBNER)
EERINEITH
v TEZBHEPCWrite: PC+4, jump
v BZHEPCWriteCond: beqg

AAAAAAAAAAAAA




FRABZLL*X S

S lrig
E *Iﬁi %I‘l %B 14: University of Science and Technology of China

/7_,_<_—| PCWriteCond/\ PCSource
— PCWme/ \ALUOp

lorD I Outputs

ALUSrcB
MemRead

Memwrite| Control | ALUSICA

MemtoReg RegWrite n p C

IRWrite \ [59%? RegDst \
NS

0
Y M
2 28 JumpO 1y
Instruction [25-0] [ shit address [31-0] X
o \left 2 "\2
Instructiond
31-26
| PC 0 [31-26] I—»fo PC [31.28]
M Instruction(l] ReadO M
u Address [25-21] " | register 1 u
X >
Instructionlf] ReadO Readl A X
=1 Memory [20-16][] . register 2 datal 1
MemData » Inst . 0 Wit RDegisterS ALUOU{]
nstruction M rite Read]] B
) (15-0] Instruction| u register  gata 2 o \ b eq
- \é\lrtltelil Instruction] [15-11] | X WriteDl 4wl M
aa register 1 data 2 g
Instruction(] 3
[15-0]
»| MemoryO
datal] ALUC]
register r ®|control
Instruction [5— 0]

BRNARARIEER
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University of Science and Technology of China

O Es
v IR#EPCMAMEMAELE, IR=MEM[PC]
v IENPC, PC=PC+4
v ZE#H{ES: MemRead, IRWrite, lorD, ALUSrcA, ALUSrcB, ALUOp, PCWrite,PCSource

/7_’_<—l—l PCWriteCond/\ PCSource
— PCWrite
N— lorD I/OUtDUTs\ALUOp
ALUSICcB
MemRead
Memwrite| Control PLOSIER
MemtoReg Regwrite
IRWrite [5(3[3015 RegDst
0
. M
26 28 JumplO > 1y
Instruction [25—-0] A [ Shift 2ddress 310 *
Yo \left 2 "\
Instruction
31-26
S [ ] - PC [31-28]
’ il Instruction ReadO M
uCl=»| Address [25-21] " | register 1 u
X
Instruction Read Read] A X
=>{ 1 Memory [20- 16] p > register 2 datal L
MemData 0 Registers ALUOu
, I—> _Reg
InstructionllLg M Write[J Read] B
_ (15-0I[ T instruction| u register  gata 2 0
- \é\gtléetl |nstrqctionD [15-11] 1X WriteO 4 1M
register data »| 2 ;j
Instruction(] 0 3
[15-0] M
u
X
»| MemoryO > 1
datal] N A
register > =
Instruction [5— 0]




FRAAZLLX G

T /AN EL
-L:l:. = }I 1 University of Science and Technology of China

O ESFEBEMEHEFS
v rsHrtix£AFIB: A=Reg[IR[25-21]], B=Reg[IR[20-16]]
O i+&beqB#rithit
v" ALUOut=PC+(sign-extend(IR[15-0] <<2)
- BTHEETMRATIES, RLUEEERMTES ATy
O #F#H{55: ALUSICA, ALUSIcB, ALUOp

j ( '_I PCWmeCond/\ PCSource
— PCWrite
lorD I/Oulpuls\m‘uop
ALUSrcB
MemRead
Memwrite| Control ALUSIcA
MemtoReg Regwrite
IRWrite [5(2%? RegDst
0
et | 1 M
JumpO u
Instruction [25—0] 2‘6 @2\8 address [31-0] X
2
N \left2 ) N
Instruction(] U I
31-26
e ) [ ! ] 5 PC [31-28)
M Instruction ReadO
uCl=»| Address [25-21] register 1
X
Instruction Read( Read] }\_‘
Q Memory [20-16] register 2 datal
ALUOUY]

MembData

Instructionfig

register  gaa 2

Write
data

Registers
Writel ™ Reaqf B |
]

. Instruction
Writel Instructiont | §_[15-11]

data register

Instructionr}

5-0]

0
M
u
X
Memory[J \1 [\
recg;?:eljr %6 Sign0| 3:2 Shift!
N @ left 2

Instruction [5— 0]

RARIEE

‘STEM LABORATORY
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ALUOL "l

Ok TS LE
v R-typeig 4
« ALUOut=AopB
ViiEiES: iHEIHFE
» ALUOut=A+(sign-extend(IR[15-0] )
v begis % P#lfEE, ALUSICA, ALUSICB, ALUOp,
 if (A==B) PC=ALUOut; PCWriteCond,PCSource, PCWrite
v jumpig&
. PC = PC[31-28] || (IR[25-0] << 2) "

&Aﬁiﬁ.ﬁ% =
e 59
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University of Science and Technology of China

O 25 PO B
v R-typeTeRk: R E[E  Reg[IR[15-11]] = ALUOUt
v sw5ehk: EBAMEM MEM[ALUOut] =B
v Wi MDR = MEM[ALUOuU]

/_(_,_C_'_, PCWmeCohd/\ PCSource
— PCWrite
N lorD I/OUtputs\ALUOD
ALUSICB
MemRead
Memwrite |  Control ALUSIEA
MemtoReg RegWrite
IRWrite [scjpo? RegDst
0
M
26 28 JumpO |1y
Instruction [25—0] O [shird S address [31-0] X
\leit2 X 2
Instruction(]
PCt{0 ) [31-26] PC [31-28]
M Instruction Read0
uCk=p| Address [25-21] register 1
X
Instruction ReadO Read]
> Memory [20- 16] register 2 datal
MembData . 0 _ Registers J ALUOuUY
Instruction(fig M WritelJ Read]]
WriteD - Instruction| U register  gata 2
rite ; X )
g PO Instructions] [15-11] ) WriteD 2O .
55: RegWrite
L4 )
Instruction
o) RegDst,MemtoReg,|
egDst,MemtoReg,lor
Mermory D,MemRead,MemWrit
daa ,Ivie ead,lvie rite
register
& = =
RN RARIER
Instruction [5-0] 1BEDDED SYSTEM LABORATORY
IHOU INSTITUTE FOR ADVANCED STUDY OF USTC 60
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o — ZE#H155: RegWrite,
| % Gl B/\,Eﬁ Reg Dst,Memet%chlge

vIwE[E: Reg[IR[15-11]] = MDR

/7_’_<—|_| PCerleCond/\ PCSource
— PCWrite
\i lorD 7Outpuls\ALUOp
ALUSrcB
MemRead
Memwrite | Control | ALUSTCA
MemtoReg RegWrite
IRWrite [sczpo? RegDst
0
A M
26 28 JumpD >
Instruction [25- 0] [ shift address [31-0] , X
M \left 2 v
Instruction(]
PCI={0 [31-26] L»(o PC [31.28]
M Instruction( 3 Readd M
u Address [25-21] register 1 u
X
Instruction Read Read lummp| A X
> Memory [20-16] ! P ™ register 2 datal 1 |
MemData ] 0 _Registers ALUOuU
Instruction M WritelJ Read]l B m |
) [15-0] Instruction| U register  gata 2 0
- \é\{artléeD Instructiond] [15-11] | X Writeld 4 mp|1 M
register 1 data U
P2 x
Instruction(} 0 3
[15-0] M
u
X
» MemoryO > 1
datal] S
register [ p—
-~
Instruction [5-0] =
61
@
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= Mem[PC]
PC PC+4

ID A = Reg[IR[25-21]]
B = Reg[IR[20-16]]
ALUOut = PC + (SE(IR[15-0]) << 2)
EX ALUOut=AopB ALUOut = If (A==B)  PC = PC[31-28]

A +SE(IR[15-0]) then Il
PC=ALUOut (IR[25-0]<<2

MEM  Reg[IR[15-11]]= MDR=Mem|[ALUOut]
ALUOut Mem[ALUOut] =

WB Reg[IR[20-16]] = MDR

BRNARARIEER
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0 FSM: Finite State Machine

MUX . OFF
) w— OFF
din 80" - INSTRUC
dout > ALU pmdout  din == | OFF | ke dout MEoRy [=dout init= PC f=addr addr— ReGISTER [=inst
din : din
sel R wrPC clk
ALUop
JR I,k roM wrM clk wiR ok
sel ALUop wrR rdM wrM wrPC wriR

BRNARARIEER

EMBEDDED SYSTEM LABORATORY
SUZMOU INSTITUTE FOR ADVANCED STUDY OF USTC
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FSMZ I ¢ SE I g

0 FSM: Finite State Machine

O Moore&! (Edward Moore) , Mealy®! (George Mealy)
v MooreBhiRE IR (ML SMATX, AILAERB —HIGRRHIEHE
=) MBS EEET.
v MealyBIBB EE B/ . Mih ST ATEEED (—PMickAREMATE)
v BRMIRSHL AT LAE B 5 i

O EDAT B A LURIEFSM B SR &4 piis I 28

refgEsE | —
s state
»| Current state * > Next-state(]
function ——
T ~~~~~~~~~ DY
>
Clock e HEFE
Inputs l P
function
HRNRRARIEE




% [E BRf= 85
MooreFSM,
BPMRESE
E_H[Fn,ﬂo

O BViE: PC+4
O i¥85: BEQE it
O 1T
v RHUT
v LW/SWE it
vV DX 5ERK
Oi57F
v RISW5ERK,
v Loadiffz
=
v Load5Ehk

O

= g_/\

Memory address
computation

THY

ALUSrcA=1
ALUSrcB =10
ALUOp =00

2
=
I

o
S

Memory
access

MemRead

lorD=1

Write-back step

RegDst=0
RegWrite >

Start —¥|

Memory
access

MemWrite
lorD=1

v Instruction fetch

Instruction decode/
register fetch

MemRead 1
ALUSrcA=0
lorD=0 ALUSrcA=0
IRWrite » ALUSrcB=11
ALUSrcB = 01 ALUOp =00
ALUOp =00
PCWrite
s\
RS-l
o\ o Y 2
Branch Q Q| Jump
Execution completion completion

ALUSrcA=1
ALUSIrcB = 00
ALUOp =01
PCWriteCond
PCSource =01

ALUSrcA =1
ALUSICB = 00
ALUOp= 10

PCWrite

PCSource =10

R-type completion

RegDst =1
RegWrite
MemtoReg =0

MemtoReg=1

65
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RegWrite
]
Instruction [25-21] Read
pC Read register 1 Read M emWrite
address Instruction (20— 16] »| Read data 1 ALUSrc : MemtoR eqg
Instruction register 2 Read Zero
Ty — 1 . ead] ALU ALU
B1-01 M Write data 2 result Address Read
. register data
Instruction Instruction [15-11] | x| | wirite
memory 0 data  Reuisters | .
Write Data
RegD st data memory
Instruction [15-0] _ 16 [ Sign |32 ;
v\ extend MemRead
Instruction [5-0]
ALUOp
o ermRe e R\Write RegD RegWrite ALUUSrcA,
[ B RI/ATKEF
\ ' 3 ] BASF 22 Ak
PC 0
M Instruction Read [I]VI H M o
u = Address [25-21] register 1 v
X Instrudion Read e a_l_. :
1 Memory (20-16] t register 2 2 1 1 Ly
MemData ) 0 _Registers ALL ALUOU o
Instruction e M Write Read |—| result S S
BCWrite it 5-01( ) rstruction] U register  dats 2 Iil 0
P 5 | 1VTTE Instrudion | X . 4wl M :\[ﬁ
data register 1 dal 2 U ALU S g
Instrudi L 3
T 3 ¢
u
X
Memary 1
o b L | sion AL
register > end cont
I nstruction [5— 0]
o B3NS 3500
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