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Multicycle architecture
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multicycle awnn? addi nTizon nooIn

e addi $t1, $t2, immediate

31 26 21 16 0
op rs rt immediate

6 bits 5 bits 5 bits 16 bits

X' e
(n'w X77) nxam nTipon .1
(11'w X77) 97w DMAIRD DINENNWISN NTIRON .2
vixan .3
ALUOut = A + sign-extend(IR[15-0])
‘NTIPON DI'o .4
Reg[IR[20-16]] = ALUOut
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Figures taken from the book: “Computer Organization and Design: The Hardware/Software Interface” by David A. Patterson, John L. Hennessy
and John L. Hennesey. Morgan Kaufmann Publishers Inc. — All rights reserved

INRIPIf)

Action for R-type Action for memory- Actionfor | Action for
Step name instructions reference instructions branches jumps
Instruction fetch R = Memory{PC]
PC=PC +4
Instruction A =Reg [R[25-21]]
decode/register fetch B =Reg [IR[20-16]]
ALUOut =PC + (sign-extend (IR[15-0]) << 2)
Execution, address ALUOut=AopB | ALUOut=A+sign-extend | if (A==B)then |PC=PC [31-28]
computation, branch/ (IR[15-0]) PC=ALUOU | (R[25-0)c<2)
jump completion
Memory access or R-type| Reg [IR[15-11]]= |Load: MDR = MemoryALUOU{]
completion ALUOut or
Store: Memory [ALUOUt] =B
Memory read completion Load: Reg[IR[20-16]] = MDR
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multicycle awnn% addi nTizon nooin

D'?'90N VTN NNAT ' e

"y p'wxinw N7 0'NT 0NIYRIN DYWN NYUIY e
WIn'y 0N nwyl D7 (lw,sw) [N2'717 nwan NITIEO
2-7 1 2xn "2 2avnn nwp 7y addi 9'onn 0'axnn NNl —

NN7 D'NNN I'REYTN NTIZON VIXYA 'Y A7wUn e
21271 YA1D D'AXNN NIIdN Jnnv
wixa1 790'w (10 190n) wTh 2a¥n qon —
addi XN'n NTIPON DR 2 2XNN VA 19X e
0 axn7 Ny nnn
ALU-N NXXINY T2 D''RNN NIj72 DY N7Y! VIN\aN °
NO0NY NAINA 0DNAIRD ARN 1w'n ALUOuUt o
NTIP92 16-20 nimipzna x¥n

AN 7n nouronaniIx - Vv ITN



multicycle awnn? addi nTizon No0IN

Figures taken from the book:
“Computer Organization and
Design: The Hardware/Software
Interface” by David A. Patterson,
John L. Hennessy and John L.
Hennesey. Morgan Kaufmann

213X YN NV'ONANIN — 1|,I_n,J ||I7N Publishers Inc. — All rights reserved




Figures taken from the book: “Computer Organization and Design: The Hardware/Software Interface” by David A. Patterson, John L. Hennessy
and John L. Hennesey. Morgan Kaufmann Publishers Inc. — All rights reserved

Control signals for addi

PC

G_'_G_I

PC\/\/meCond/\ PCSource

PCWrite
lorD /Outputs\ALUOp
ALUSrcB
MemRead
MemWrite | Control ALUSTCA
emt g RegWrite
IRWrite [5‘3"0]
A\ 0 "
26 28 Jump 1u
Instruction [25-0] L [ shit address [31-0] X
S \left 2 2
Instruction
D) - t % PC [31-28]
M Instruction | Read M
u = Address [25—-21] register 1 U
X i Read > ]—_\_' X
Instruction Read A
1 Memory 120- 16] [ register 2 data 1 1
MemData Instructi I—> 0 W'tRegiSterS ALUOU gy
nstruction M rite Read ol B
] [15-0] Instruction| u register  yata 2 0o )
| \éVrtge Instruction [15-11] | X Write Aep|1 M
a register \1) data 2 g
Instruction 0 3
[15-0] M
u
X
»| Memory > 1
data 16 .
i Sign Shift
G—
register extond lft 2 —
Instruction [5— 0]
>
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N172N R 'Y

NN DIV DMR'Y 'R D'YPN DXNN 1Y
1901 X71 0" MUX qx an1In X7¥ DIwn
.0'wTn 0'-MUX

2AXNN 112V NPAN 'Y DX X7 20 Nn DY
1190INY UTNN

-1 NIINIY 112'NN NXXIN DY UTNN 2¥XNa
16-20 nira'oa [Ina Nvonw Ak ALUOuUt
RegDst = 0, RegWrite=1 <- rt 7aixa nmw —

MemtoReg=0 <- ALUOQut-n y'an "wiw wn —
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multicycle awnn? addi nTI79n No0In

+ Instruction fetch

MemRead
ALUSrcA =0

Instruction decode/
register fetch
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lorD =0 ALUSrcA=0
Start—————— IR Write > ALUSrcB = 11
ALUSrcB =01 ALUOp =00
ALUOp =00
PC Write
= N Py
PCSource o \!Qe,\ Q}Q/O S
s OR 07 4 i
1O © o
Memory address 09‘ d ,‘S\N\ B h @Q o
computation o 0P - rene Jump
‘\’\N\ Execution completion completion
©° 8
ALUSrcA =
ALUSrcA =1 ALUSrcA =1 ALUSrcB =00 PC Write
ALUSrcB =10 - ALUOD = 01
ALUSrcB =00 p -
.\ ALUOp=00 ALUOp = 10 PC Write Cond PCSource =10
op—add|/ PCSource = 0
. 7/
0 ,—~ ‘/ % s
7 N T &
\ 8 < >
RegDst=0 1 e I Soeoes Rt et
- y -type completion
RegWrite =1 3 5 7
MemtoReg = 0,
) RegDst = 1
N V4 MemR_ead Mem Vlete Reg Write
~ e lorD =1 lorD =1 MemtoReg = 0
T -
|
|
| ,L Write-back step
|
| RegDst=0
| Reg Write > A 4 A 4
I MemtoReg =1 ) Figures taken from the book:
“Computer Organization and
|
| | Design: The Hardware/Software
| Interface” by David A. Patterson,
e o o o o e e e e e e e e e e e e e e e - e e e - < John L. Hennessy and John L.

Hennesey. Morgan Kaufmann
Publishers Inc. — All rights reserved



multicycle awnn? jal nTizon nooIn

JIXTAN NN e
("11'w X77) nxam nTIon .1
("11'w X77) 97w1 DAk PINENNIYIDN ATIEON .2
vix'an .3

Reg[31] = PC; «—— link
PC = PC[28-31] || (IR[0-25]<<2) ‘j

jump-2 Mo
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multicycle awnn? jal nTizon nooIn

Y'Y DIYN 0'7'90Nn DI'X (N7anl) 02Iman iy e
9'0In?
MemToReg mux-7 07770 PC nx
RegDst mux -7 0% 31

7V191 YXINW XN 9'0IN7 ' D'AXNN NidnN1 e
0 a¥n7 21N ™1 jal-n N71y9 nX
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multicycle awnn? jal nTizoN nooIn

Decode
1 )
addi+IySw J
{R-type Q€q
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@ ALU Branch
8
SW 6
\ 4
WBR
-,

Figures taken from the book:
“Computer Organization and
Design: The Hardware/Software
Interface” by David A. Patterson,
John L. Hennessy and John L.
Hennesey. Morgan Kaufmann
Publishers Inc. — All rights reserved




multicycle awnn? jal nTizon nooIn

addi+ly#Sw

jal
11
| sw

Figures taken from the book:
“Computer Organization and
Design: The Hardware/Software
Interface” by David A. Patterson,
John L. Hennessy and John L.
Hennesey. Morgan Kaufmann

213X YN NV'ONANIN — 1|,I_n,J ||I7N Publishers Inc. — All rights reserved




Figures taken from the book: “Computer Organization and Design: The Hardware/Software Interface” by David A. Patterson, John L. Hennessy
and John L. Hennesey. Morgan Kaufmann Publishers Inc. — All rights reserved

jal command — datapath additions

/—{_,—G F’C\/\/riteCond/\ PCSource
PCWrite /
\—\ lorD I OutputS\ALUOp
ALUSrcB
MemRead
MemWrite | Control ALUSTCA
MemtoReg RegWrite
[¢] RegDst
IRWrite \ [&w X
\ 0
3
Jump »| 1
Instruction [25—0] 2\6‘ Shift 28 address [31-0]
S \left 2 2
Instruction
[31-26] t 7 PC [31-28]
I Instruction || Read Nn
Address [25-21] " | register 1 _l i’
I Memory Instruction || _| Read dRea1d > A X
[20— 16] p | register 2 data [ Ll
I MemData Instruction 0 WriteRegiSters ALUOU gy
= M ! Read >l B (. \
. [15-0] In!truction u register  yata 2 g :I—O—* 0
I - \d/\gt';e Instruction [15-11] 1X Write 4eapp|1 M
register I data ol 2 :
I Instruction 1 3
31- - s e sG] | —r M
1 u
I A
Memory »| 1
I data I h 1\6 Sign
register [ . I X extond —
I p— — _— —_— _— _—— _— —_— _— I _—
Instruction [5— 0]
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jal command — control path additions

-7 1anin MemtoReg, RegDst :n'-MUX-nw 1% n'en
2-n NN N1Y'NN DN7Y NIpPan D10t D71 NI 3
D17

D'N'RNNN DDIY7Y 1D NMPAN 17 DIPNYWOR NIX ' T
am 0 wtnn MUX-a o' v 0D

.10 XIn DY wTNN Npan )W

RegDst MemtoReg
Control Selected Control Selected
Code input Code input
00 Bits 16-20 00 ALUOut
01 Bits 11-15 01 MDR
10 31 10 PC
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jal command — control path additions

DXNNA D'AXYNN 702 NPAN DIV DX PTY7 Wt e
.D'YUTNN Npan W7
-N N71IV9 NIX YXINY UTN 2A¥N Q'0IN7 W' D IND *
jal
NX'opn namd nX PC-%7 anp —
PCWrite=1, PCSource=10
(PC) natnin namd nx $ra-7 anp —

RegWrite=1, RegDst=10, MemtoReg=10
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Figures taken from the book: “Computer Organization and Design: The Hardware/Software Interface” by David A. Patterson, John L. Hennessy
and John L. Hennesey. Morgan Kaufmann Publishers Inc. — All rights reserved

N TIVNAN 0O'AXNN N1IDN

) Instruction decode/
+ Instruction fetch register fetch

MemRead
ALUSrcA =0

lorD = 0 ALUSICA = 0
Start ———» IR Write > ALUSrcB = 11
ALUSrcB = 01 ALUOp = 00
ALUOp =00
P C Write N\

PCSource = 0 N N — \
e &/ 5 A
- 1]
. 0° ” N
Memory address ,,‘S\N\ @Q 8' \
computation © Branch ~1 Jump
P _ W) of Execution completion d completion N, al
) 09 > 6 Op=jsl J 11
ALUSTICcA = 1 N, AT
ALUSrcA =1 = ALUSrcB =00 :
ALUSrcA =1 - -
ALUSrcB = 10 ALUSFGE = 00 ALUOp = 01 PCSPCWrmim ¢ PCWrite=1 S
ALUOp =00 ALUOp= 10 PC WriteCond ource = PCSource=10
PCSource = 01 I RegWrite=1 \
5 o \ RegDst=10 |
2 < MemtoReg=10 /
n Sy, \ 7/
a ~ ~ P
o Memory Memory ~
¥y access access R-type completion
3 5 7
. RegDst =01
MemRead Mem Write Reg Write
lorD =1 lorD =1 MemtoReg =Q

,L Write-back step

T -
|

|

|

|

|

|

|

|
3

RegDst =00
Reg Write
MemtoReg )1

h 4 v
- s o -
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NOY0N XNAIT

(where am i) wai nTI79n NX ' T2) °

221N 12*'0) NTIRON 7w PC-n MaIX [DIn NN 010N —
rt-N NTYWA IXNY MAIRN 7R (wai YIX'a nya
NTI?792]

NN e
"2'W N77 NRY'T DININ 2N IR —

N71V9 DA YWONT 'TON ¥ TNN [IVY ITAN ,|aINndI —
DX DMVOAN NANNT? nw2 DAl ALU-2 n'onnN
INNXD NXRNINA 17N TNX
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wal nTIoN

NTI9N 170N
("11'w X77) nxam nTIon .1
("11'w X77) 97w1 DAk PINENNIYIDN ATIEON .2
viIx‘an .3

' 4-12 nTipgn PC-n juxan A7wal nirn *
Y1210 100'AN7 IN01dN 197 4 1nn Y'onn?

a. ALUOut=PC -4
b. Reg[IR[16-20]] = ALUOUt
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wal nTIoN

(NNIN '97) "'Y 'K DININ 'l N1'NAN
'D'UTN D'AX¥N Y 9'011 0'AX¥NN NAIdN N1'NaN

ALUOut 7in%? imaxni PC-n 4 110'n 7y 'vnNXR 12 —
wiziann 10017 ALUOuUt naxn v 'vnkw 13-1—

wai X'n nTIponl npna 1 axnn vy 12 axn 72X
NN X777 12 2xnn v 13 axn 72x
0 a¥n7 qrn 13 axnn
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multicycle awnn% wai nTi79n No0In

wali

Branch Wa|2_a
) 1
wai_b
13

Figures taken from the book:
“Computer Organization and
Design: The Hardware/Software
Interface” by David A. Patterson,
John L. Hennessy and John L.
Hennesey. Morgan Kaufmann

213X YN NV'ONANIN — 1|,I_n,J ||I7N Publishers Inc. — All rights reserved




N172N 'Y — wal nTIpoNn

N7 maxnl PC-n 4 q10'n 7y 'kNx 12 axn o
175 ALUOut

4 yiapnl PC 2aixn on ALU-7 ormsikn —
ALUSrcA=0, ALUSrcB=01
110'N X'N NYXINNY N71V9N —
ALUop=01
IIN7 110'NN NXXIN NAXN 72V 'RINX 13 axn e
:(16-20 nI'a'o) wiann NAIXN
RegDst=(0)0, MemtoReg=(0)0, RegWrite=1 —

I-—————————————————————
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Figures taken from the book: “Computer Organization and Design: The Hardware/Software Interface” by David A. Patterson, John L. Hennessy
and John L. Hennesey. Morgan Kaufmann Publishers Inc. — All rights reserved

D'AXNN NMIdN — wal NTIRoN

) Instruction decode/
+ Instruction fetch register fetch
MemRead
ALUSrcA =0
lorD =0 ALUSrcA =0
Start =—————— IR Write > ALUSrcB = 11
ALUSrcB =01 ALUOp = 00
ALUOp =00
P C Write S
PCSource = 0 e) [ =~ N
/?\,\\l" & 5 N
‘ \0°® ” . S
Memory address ,‘S\I\l\ B h O IS} \
computation ot &OQ i e | e A
/‘\,\N'\ Execution completion + completion Opzvval
2 (0P 6 N - 12
ALUSICA = 1 4 - N
ALUSrCcA = 1 ALUSrcA =1 ALUSrcB = 00 P C Writ S
ALUSrcB = 10 ALUSrcB = 00 ALUOp = 01 PCSource = 10 / =0 \
ALUOp =00 ALUOPp =10 PC WriteCond ource = 1 ALUSrcA=0
PCSource = 01 I ALUSrcB=01
= o \ ALUop=01
o \\(p \ 7/
1]
a z N P
< Memory Memory A
v access access v R-type completion I
3 5 7 |
] RegDst =01 - < < 13
MemRead Mem Write Reg Write 7’7 >
lorD =1 lorD =1 MemtoReg =00 / \
; RegWrite=1
I RegDst=00 |
,L Write-back step ' MemtOReg_ool
\
N ,/
~ L
RegDst=((Q 1
Reg Write \ 4 \ 4 ‘i‘
MemtoReg 01 I
S -
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