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TILFH AL (Multicycle)lZ & AE&E

« HBHEOIOYIYADIT, —DOGFEREST
— MEDERSICE > TETHAIILEBMNELD
— EBULE$IZ&YCritical PathAA§IBREh Ly

o« BEEA=wMI UMY AL EREDLBEFATS
— ALUREARERE&7FL A ELPCOHICERERA
- AEVERRET—2ERFTHDPEDvon Neumann7—F

o TWILFHAUIRERETII. VTG AOIRELELGY ., SEE
HTIEHEEBERET S ENTELLY

— #l: ALUESIER G R TRAZITAILRLDN?
- FRATIT B MV DIREICHIKTF

MR ERITPOSESFTCEHELCHE D=2, BRKERM (finite
state machine)xRl\%

— EDESITIN—FTEETIDOMN?




A R RRERE M (Finite State Automaton, FSA)IZDUL\T

BRRE#MOES:
- KEEEQ
— AATILIFRYF I HATZILIPRYEN

— JREEEBTERI S (Next State Function) 5: Q x £ — Q (RDIKREEIL., IREDIREE
EANIZEHTRRE)
— HAHBE# (output function) o: Qx X >N (BHEL. BEDREBEAAIZEOTHR

7E)
= Next
q Q Next.stat state
e G ext-sta
EE?’{kﬂu\ | fUI’]Ct|One6
Clock
Inputs 1
a €2
OutputQ >
function > Outputs
beIll

— CO&ES1FSAZ ., Mealy#li LUV (BELLIXRIIRE) c.f. Moore#(H X 4R
RED HIZHKTE)



TILFHALOILEETORR

MEDONBEEBOEREICH 115, ThETNORBETOMEIMMI/OvIH A
2IL NS KSIZERET

- TRENDERBETOLEEZ/N\TUASIES

- TNENDYAILTIE—o DB =YD AHMNEMET D LIIZTH
TNENDHALOILDBHYIZIE

— BOYAIIITONEDT- ., NEBFEREIEN

- FEBEREZEF IS AL ORAZ|ZEA

M Instruction p| Read
U Address [25-21] \ " | register 1
x ) Read
1 Memory Ins[tzrgftl%i %?gteﬂ data 1
MembDatal . egisters
Instruction Write Read
| [15-0] register  gatg 2
\é\;q;e Instruction Write
register data

InstrL110tio

v
[N o
xcZ
“xc=Z©
d \

Memory
data
register




L EEREDETRATYT

S 7 YF (Instruction Fetch)

e TIA—FELORAED I YF (Instruction Decode and Register
Fetch)

1T, AEUTFLREE., F=(ET75F0E (Execution, Memory
Address Computation, or Branch Completion)

AEVT VLR, F=IER-typeD i FDREIT5E T (Memory Access or R-
type instruction completion)

(LOREIADVERDEZIAH (Write-back)

18575 (FFEITTBDIZ3-5Y 1T ILEEEH B!
Q.o TN AUILEHEIZH L THFH?



FT1RATYT: S TIvF

¢ PCHIELTRTAEYDE NSRS EFRAAAT. HL
DRRZEEZAD

« PCIZAZEMELT. BREZXZBUPCICEZFADL(RDGHED
7KL X)

o UTOELI—FTEIMEEXSBETES:

IR
PC

Memory [PC] ;
PC + 4;

Q: FDLIIHIFESEZENIZIRLIA?
CDEETPCIZIEZL THSAYE?



F1RATYT: EITTVS

F(#tE)

EESh=T—2/ \REBREL =Y N FFTET)
— ALUAPCOMEICEHLNATNAZEISER

M Instruction »| Read M
u Address [25-21] " | register 1 — u
X
Instruction Read Read jmmp| A X
1 emory [20-16] register 2 data 1 __LP 1
MembData| . 0 _Registers
Instruction M Write Read
[1 5 O] u register data 2 B 0
Write . X _ N
data Instrt_Jctlon ] Write 4 =1
register data — {5 !
Instructio 3
[15-
> Memory
data
register >

Zero

ALU AlU
result

ALUOu]—




F2RATYT: MRS TA—FRELDRRMED I VF

« AL ARRIBHMESNE=RSEDE Y I4—ILRTIEEShSrs Lo X4 &
it LORRZFHARAATHES (METIFEED=HIC—imtHRICE-TIT L
C: 3RV A B (R {AV:)Y]

- MENITSOFREDBEIZHEAT. FT5FEDTRLRAZEHELTHL

. BR{Pla—KTIE:

A = Reg[IR[25-21]1]1; (@HLIPREDEYFIL—ILER25-21)

B = Reg[IR[20-16]];
ALUOut = PC + (sign-extend(IR[15-0]) << 2);
(ALUICKBTSUFETFTRFLADEE)

e Tl .@EEATIE-THIFEBREEZ TN
(FEHEE THSTI—RFLTLADIZELLY)



82 ATY7: i TaA—FRELDRAMED Ty F ()

eI T

- A
- B

F—AINNREHEE

= Reg[IR[25-21]];
= Reg[IR[20-16]];
— ALUOut =

=vhk

PC + (sign-extend(IR[15-0]) << 2);

Address

Memory

Write
data

MembDatal

Instruction > Read
[25-21] register 1
Instruction Read Read
[20-16] I > register 2 data 1
. 0 Registers
Instruction fe M Write Read
[15-0]} § instruction| u register  gata 2
Instruction 15-11 1X Write
rengter data
Instruction
[15-0]
Memory
data 16 S
register Sep( OO0

Zero

ALU AlLU
result




8 3 ATYT: i FRIT (MR HRITKTE)

ALU [I, i RXDFEEICK ST L TO=DDELLEMEZETTS
(1) *EUVSE (I-FX):

ALUOut = A + sign-extend(IR[15-0]);
(2) R-F5 =t

ALUOut

A op B;
(3) F5F:

if (A==B) PC = ALUOut;

10



F 3RATYTMEET (1)ATYSHE (I-EX)

. REENIT— 2 R EBEE L=V THET)
— ALUOut = A + sign-extend(IR[15-0])

PC 0
M Instruction - | Read
u Address [25-21] " | register 1
X
Instruction =p| Read Read
1 Memory [20— 16] l ”| register 2 data 1
MemData[™=g=>" _ 0 _ Registers
Instruction je M Write Read
Wit [15—0] Instruction] U reglster data 2
rite i 15-11] | x :
data InstrL_Jctlon 1 Write
register data

Instruction
[15-0]

Memory >

data 1\6 Sign 32
ister >

reg * |extend

_xc=Z©

v

11



B 3RATYT:HEE T (2) R-ERK

. EBEEhET—A/ SR EBEEL = V(5 TET)

— ALUOut = A op B

_,xc=Z©

Address

Memory
MemDatal

Write

data

Instruction

[25-21]

Instruction

[20—16]

Instruction

[15-0] Instruction
Instruction 15-11

register

Instruction
[15-0]

v

|

,xc=Z©

Memory
data
register

v

_xc=Z©

Read

register 1

Read Read
register 2 data 1

Registers

Write . Read
register  4gtg 2
Write

data

12



B 3IATYT@MERIT ) TI5UF

. BEISh=T—2/\AEBREL=YNFFTHET)
- 1if (A==B) PC = ALUOut
- Q. EIMINTLHE — BETAL!

13



£ 3 XATYTMEEIT 3)TIFD/INTEL

EDEVE

« LITZEM

H

RCERETS
- if (A==B) PC = ALUOut

0
M Instruction —p| Read
u Address [25-21] " | register 1
X . Read
Instruction -p| Read
1 Memory [20-16] ! ”| register 2 data 1
MemData[™=gr=>" . 0 (egisters
Instruction M Write ead
. (1501l § instruction| u register  gata 2
\éVrt|te Instruction o X Write
ata register L data
Instruction 0
[15-0] M
u
| x
> Memory »\J
data \6 Sign 32
ist
register * |extend
AN
Y
N
A Y
L

14



84 X797 (R Xk A3

=) S H8)

+ O—FaFERANTRRICKDAE)SE

(1) MDR = Memory|[ALUOut];

X [F
(2) Memory|[ALUOut]

 RIEXGTDET
(3) Reg[IR[15-11]]

AERYDPLIOREIADEZAAIL., ERFIOVI9HALI)L

DFETDIVOTITHhNS

B;

ALUOut;

15



%4 RTVT 60

E1T (1)H*E

VSR (A—

)

— MDR

BEI SN =T —2/N\REMBEL =Y MNTFTETR)
Memory [ALUOut]

“xc=©

Address

Memory
MembDatal

Write
data

Instruction

-] Read

[25-21]

Instruction

register 1

[20-16]

Instruction
[15-0)) Instruction
Instruction 15-11

register

Instruction
[15-0]

|

Memory
data
register

”| register 2 datat
Registers

ea
register data2

Write
data

Read Read

Write Read

ALUOUJ—

16



B 4 RTYT mHEIT (2)A4°

SR ((RRP)

. BEEShI=T—2/SREMEEL =N FTHT)
— Memory [ALUOut]

B

“xc=©

Address

Memory
MembData

Write
data

Instruction

-] Read

[25-21]

Instruction

register 1

[20-16]

Instruction
[15-0)) Instruction
Instruction 15-11

register

Instruction
[15-0]

|

Memory
data
register

”| register 2 datat
Registers
h ea
register  4atg 2

Write
data

Read Read

Write Read

ALUOUJ—

17



%4 RTVT 60

21T (3) R-Fexdn

FD5ET)

BEI SN =T —2/N\REMBEL =Y MNTFTETR)

- Reg[IR[15-11]]

ALUOut

_xc=Z©

Address

Memory
MembDatal

Write
data

Instruction

- Read

[25-21]

Instruction

register 1
Read Read

[20-16]

Instruction jm
[15-0]

Instruction
register

Instruction
[15-0]

Memory

data

” | register 2 datat

Registers
Write 9 Read

register data2
Write

register

ALUOu]—

18



% 5 X 7v: Write-back step

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

ALUOu]—

2 AN B A g' N g' - ~ LS
fiDai T DIZE /i( ;EE 7/;7;&)?
PC 0
M Instruction - Read
u Address [25-21] " | register 1
X
Instruction Read Read
! Memory [20-16] register 2 data 1
MembData| ) _Registers
Instruction Write Read
[15-0] register  gatg 2
\éVrtlte Instruction Write
ata register data
Instruction 0
[15-0] M
u
X
Memory 1
data 1\6
register =

19



=&H:

Action for R-
type Action for memory- Action for Action for
Step name instructions reference instructions branches jumps
Instruction fetch IR = Memory[PC]
PC=PC+4

Instruction A = Reg [IR[25-21]]
decode/register B = Reg [IR[20-16]]
fetch ALUOut = PC + (sign-extend (IR[15-0]) << 2)
Execution, address |ALUOut=A op B| ALUOut = A + sign-extend |if (A ==B) then|PC = PC [31-28]
compute, branch/ ® @ (IR[15-0]) PC = ALUOut| Il (IR[25-0]<<2)
jump completion
Memory access or [Reg [IR[15-11]]=| Load: MDR=Memory[ALUOuUt|(3)
R-type completion ALUOut or

@ Store: Memory [ALUOut] = B (&)

Memory read completion

Load: Reg[IR[20-16]] = MDR (&)

20



C—TODfERE:

* LUTDI—FZFRTTHDIZ, FAFHAIILhEHM?

lw $t2, 0($t3)
lw $St3, 4(St3)
beq $t2, $t3, Label #7353 FLELVERTE
add $t5, $t2, $t3
sw $St5, 8($t3)
Label:

- EITRDOE 8 HAUILHIZIX., AR TLNEM?
o $2EM3DMEITIFERMHYAVILBIZETINDS?

Uiy utiryrdy iy Uy gL

21



il #E0 2] R D SR 25

« HEE1=vOFIEESIE. L TOLDITKEFT S:
- RITT 0N
- W RDEFMRATYTERTLTLSD

o SETOT—INADFEDOLEHRZEZEIZ, P DREIZIE
CCHIEMERZH DTS

« EDESIZHETBM?
— (1) BEREBHERTR 5, cXEIEITET 5,
- (2 RA4H0TAT ST DOFEERANS

22



A R RE#H D FrI

L w

Memory address
computation

ALUSrcA=1

ALUSIcB = 10
ALUOp = 00

(Op ="LW")

Memory
access

MemRead

lorD =1

RegDst=0

RegWrite

Instruction fetch

MemRead
ALUSrcA=0

Instruction decode/
register fetch

lorD=0 ALUSrcA=0
Start IRWrite —| ALUSrcB = 11
ALUSrcB = 01 ALUOp = 00
ALUOp =00
PCWrite
PCSource =0 N R
e &/ 5
. QDQ 7 I
Op;‘S\N\ Branch QQ é" Jump
‘L\I\l‘\ ot Execution completion completion
\094
ALUSrcA =1
ALUSTIcA =1 ALUSrcB = 00 .
PCWrite
ALUSrcB = 00 ALUOp = 01 PCSource = 10
ALUOp= 10 PCWriteCond
PCSource = 01
Ry
&
Memory
access R-type completion

MemWrite
lorD =1

Write-back step

RegDst =1
RegWrite

MemtoReg =0

MemtoReg=1

?

- REERBTTBHICIE, AEYRBHET




FAOARINERM DG

Ei%:
il D [2] B
A HEBSS) o
5, cDEIE
AT -
aA Inputs qA 6 -‘_

Instruction register

opcode field

24



PLA (Programmable Logic Array)IZX&k53E%

PLA = Fm‘ JBEE
?&IEI%&L;C
g J'c%é%aa

AR (Mealyinis
08 s ik
) A

ROMLJ:%%%E%‘IﬁBt
AEEIIPLANEH

- BDOEDFEAA

- FESDEHFADA
HEBHRISHL, HEHF
ALV BED R T
aLTWh5DhH(and
)THY ., DFEYHERRH
]

R*Ro
- ENCDEBDOREAL

F(or) TFE L DIER
CRVNRESL.HA
SNTLS, — —

« {5l1: NS0=S0S1S2S3+...
e {2:MemRead=" = —

Op5

Op4

Op3

Op2

Op1

Op0

S3

(9]
N

(0]
EN

[0)]
o

Yy VY Yy

#=B081S283+B051828F 7 —2osa L

PCWrite

PCWriteCon

lorD
MemRead
MemWrite
IRWrite
MemtoReg

PCSource1
PCSource0

ALUOp1
ALUOPpPO
ALUSrcB1
ALUSrcBO
ALUSrcA
RegWrite
RegDst
NS3

NS2

NS1

NSO

25



PALEPALZ OSSO
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X498 FA5 35324 (Microprogramming)

« C.f. /\—F7 A7 (Hardwired logic)
- AREREBHOESEITOS S35 19 55%ECPU
- MBORETOT S LI 2 0EBELEALUZRED
- e, BEEA=YFOHBIZKFL(TIoOGS
— HAELT, 1= DOFIERERD
- i@ Sa L EEELTL
— FEHOHEBEOHEZLIIZITS(KETI/OTO
G35227)
- 4R 7a5S5LIFILIELIEFYTHDOROMMRAMIZ
« RAHATOATSLERETOTSTITIVIZTERIEIZEY
B DEBINAOCEEAAEE

27



A48 FA5 5324 (Microprogramming)

Control unit

Microcode memory

Outputs <

PCWrite

PCWriteCond

lorD

MemRead

MemWrite

IRWTrite

BWrite

MemtoReg

PCSource

ALUOD

ALUSrcB

ALUSrcA

RegWrite

Input

RegDst

AddrCitl

i

Microprogram counter

A

»| Address select logic

A

Op[5-0]

Datapath

« A0S

Instruction register! |
opcode field

T.EDLSLEHK ?

28



O 0 9O i B W N — O

I4-0diw (Microinstructions)

o PLAGEIZKSEEEEICHERLT
— ZEOBEE. TRLYD VT E—R, AU DEEEY]
- IM/AEFIZKY, EEREREMNICEE(RM/a7EVT3)
— FRIIEERIZIETA/OGSDIPRUR IZE#:

ALU Register PCWrite
Label | control |[SRC1|SRC2| control | Memory | control |Sequencing
Fetch  |Add PC |4 Read PC |ALU Seq
Add PC  |Extshft|Read | +————"|Dispatch 1
Mem1 tAdd——A |Extend —— Dispatch 2
LW2 __—Read AU Seq
———— [Write MR Fetch
SW2 Write ALU Fetch
Rformat1 [Func code B — Seq
Write ALU Fetch
BEQ1 “Subt— |A |[B ALUOut-cond |Fetch
JUMP1 7 Jump address |Fetch

29



IA470mTDER

Field name Value Signals active Comment
Add ALUOp = 00 Cause the ALU to add.
ALU control Subt ALUOp = 01 Cause the ALU to subtract; this implements the compare for
branches.
Func code ALUOp =10 Use the instruction's function code to determine ALU control.
SRC1 PC ALUSrcA =0 Use the PC as the first ALU input.
A ALUSrcA =1 Register A is the first ALU input.
B ALUSrcB = 00 Register B is the second ALU input.
SRC2 4 ALUSrcB = 01 Use 4 as the second ALU input.
Extend ALUSrcB = 10 Use output of the sign extension unit as the second ALU input.
Extshft ALUSrcB = 11 Use the output of the shift-by-two unit as the second ALU input.
Read Read two registers using the rs and rt fields of the IR as the register
numbers and putting the data into registers A and B.
Write ALU RegWrite, Write a register using the rd field of the IR as the register number and
Register RegDst = 1, the contents of the ALUOut as the data.
control MemtoReg = 0
Write MDR RegWrite, Write a register using the rt field of the IR as the register number and
RegDst = 0, the contents of the MDR as the data.
MemtoReg = 1
Read PC MemRead, Read memory using the PC as address; write result into IR (and
lorD = 0 the MDR).
Memory Read ALU MemRead, Read memory using the ALUOut as address; write result into MDR.
lorD = 1
Write ALU MemWrite, Write memory using the ALUOut as address, contents of B as the
lorD = 1 data.
ALU PCSource = 00 Write the output of the ALU into the PC.
PCWrite
PC write control ALUOut-cond PCSource = 01, If the Zero output of the ALU is active, write the PC with the contents
PCWriteCond of the register ALUOut.
jump address PCSource = 10, Write the PC with the jump address from the instruction.
PCWrite
Seq AddrCtl = 11 Choose the next microinstruction sequentially.
Sequencing Fetch AddrCtl = 00 Go to the first microinstruction to begin a new instruction.
Dispatch 1 AddrCtl = 01 Dispatch using the ROM 1.
Dispatch 2 AddrCtl = 10 Dispatch using the ROM 2.




I4M49Aaa—k: fL—F#%2

. HHFLOFRS:

— FTHAUNEESCISCOEMH TS T HE

- P—XTOFvERAVRI—F OB ERKFICITERS

- EEXLOEFS (TRtyYFyTSHROMRAMIZT O S.L)
— TATSLBFYTNZHZ=. EBNES

—- DT —FTHOFrDIIalL—a &AL

« RELOFHE - BGS,:

— il

BEE—FYTITSHLLE, BLGS

— ROM

FRAMIZXL T, Bl (B (TEM L)

« RETE. AHLTHEBICOARANS
— (C.f., RISC vs. CISC) 31




