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Combined Datapath

PCSrc

PC +4

pes

ALV 2zl ETe 52Dz

ADDF3IE s ReaFile SckDec U RegFie I_. A[31..0]

| ™ Redaddeald..0] Doueaf3L..01 [
Fezultf31..0] =
Fe : _ To Branch Logic
g e porn ) peinstuction[31.0] > RedaddeBi4. 0] Dewist 0] [ = TestZarm
l faul
ADDRL] 4 :ﬂ' Overflow W
ROMS P WekmAddddd. 0] &2 =

b WessDel3t 0]

TnstrAddr31.0]

N
A | R

=
i

L
.
.
i
:

Wri
il MemtoReg
T15.0] [L5.0] I -
H ! ALUSI’C DOUTL]
Immediate/Offset
_ S MemWrite
BE SiznExt SciDec

TouE = MemPRead
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Control: ALU Control Unit (1)

U_ALU32bitInvS1tTz
ALU32bitInvSI1tTz.SchDoc
A[31..0]

— Inputs to ALU Control: I

Result[31..0] iD=

1. Function fields of instructions

2. 2-bit control field (ALUOp) > S Teptero BB

—  Output of ALU Control: §‘ Overflow BB
=

1. 4-bit signal that controls the ALU

A

-
M32_B2B1 ALUOD[:S - 0]

L

'I gerte

L

5 M-Data

E —=p CLK DINI..]

i ALUSI’C DOUTI..]

.ll U_SigﬂEXt ADD%].% e ——

= SignExt.SchDoc EN <~
5 T U_ALUControl RAMSE 1
] ALUOD 1--()] ALUControl.SchDoc

ALUOpCode[1..0] ALUOp[3..0] I

£ funct

r& 1r —~ & [5..0h funct[5..0]

= &= sRBrd
i
— .



Control: ALU Control Unit (4)

3
< Iw (1) 0 X (00) |X XXX XX add 0010
ﬁ' sw (D) 0 X (00) |X XXX X X add 0010
beq () X 1 (01) |XXXZXZXZX sub 0110
;, add (32) 1 X (10) |[XX0000 add 0010
i sub (34) 1 X (10) |[XX0010 sub 0110
: and (36) 1 X (10) |XX0100 and 0000
or (37) 1 X (1 0) |XX 0101 or 0001
slt (42) 1 X (10) |[xX1010 slt 0111

Simplified Expressions: Op0=ALUOpl-(FO+F3)

Opl=ALUOpl +F2
Op2=ALUOp0+ALUOp!-F1




Agenda

Topics:

1. A single cycle implementation (complete this)
2. 1verilog Example

3. Sample question — add jr instruction

Pl i1} W=

Patterson: Section 4.3, 4.4

= =
=y

Reminder: Quiz #2 — Next Wednesday (November 11)
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Control: ALU Control Unit (5)

Op0=ALUOp1-(FO+F3)
Opl=ALUOpl1+F2=ALUOp!-F2
Op2=ALUOp0+ALUOp!-F1

ALUOp[1..0] '
ALUOp[1.0] ) ALUOp0 i) Operation3 /OperatmnB..O] e
_ funct[5..0] [T
[ funct[3..0] functd X ALUOpl (BULLDOWN
\ funct4 —Jﬁ Operation2 ,
C bi : ) N fuﬂct3 HA\]DQS 8?28
ombinationa .
i Operation]
Circuit for the  pfunct2 D P /]
ALU Control Bl
Unit _— " = ) Operation() ,
Sfunct0 _D—u
AND2S

OR28

WI-M L




Main Control (1)

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

I-format: op(31-26) | rs(25-21) | rt (20— 16) Immediate / Offset (15 - 0)

Opcode is contained in bits 31 — 26.

Registers specified by rs (bits 25 — 21) and rt (bits 20 — 16) are always read

Base register (w/ base address) for lw/sw instruction is specified by rs (bits 25-21)
16-bit offset for beq, 1w, and sw is always specified in bits 15 — 0.

A

Destination register 1s specified in one of the two places:

—  For R-type instructions (add/sub/and/or), destination register is specified by bits (15
—11)

— For Iw 1instruction, destination register is specified by bits (20 — 16)

L
.
:
i
:

Using information (1 — 5), we can add the instruction labels and additional MUX’s to the
datapath that we have constructed.

-RHI-
il

WiI-M ?

= &= sRBrd
i
— .



Main Control (2)

PCSrc

fat

PC+4 :1-_3__ >
w0 o) Dranch Target

S SchPcc

ALV 2k SR T SckDec

L
.
.
i
¢

-3'1'1-1-

= &= sRBrd
i
— .

DBOUTL]

ADDR]]

RegFile Scilcc

U RegFac I_' A[31..0]

Instruction[31..0]

InstrAddr[31..0]

J15.0] L5 &

Immediate/Offset

SigmEn Salaz

WE

1™ > Remdaddeald. 0] Deuragzt 0] [
Result[31..0] =
{ o RsdaddeB4.0] DeuBrL.0] [ = P e To Branch Logu:
; T = Overdow W
U= Wasmadddd 0] ] E y
g ! %/ B
Wi + el
e ALUO[.0 MemtoReg
Mi1_BIBt
2D
T T L oRg]
ALL SI'C. DOUTL ]
LI MemWrite

ouE = MemPBead

WM

Number of control lines is 11 (4 for MUX’s, 4 for ALU control, 2 for data memory, 1 for register file)



Main Control (3)
[Control tput [Effect when Deassertea @) [Bffect whenaserteay |

Destination register number comes from bits 20 — 16

Destination register number comes from bits 15 — 11

L
.
.
i
:

RegDst of the instruction (sw) of the instruction (add, sub, or, and, slt)
Data on the “write data” input is written on the
Regwrite None register specified on the “write register” input (1w,
add, sub, or, and)
Secpnd operand to ALU comes from the second Second operand to ALU is sign extended, lower 16
ALUSrc register file output bits of instruction(lw,sw)
(add, sub, or,and, beq, slt) ’
Data from memory location specified by “address”
MemRead None input is placed on the “read data” output (1w)
MemWrite None Data .from write data‘ ‘ input rSplaces memory
location specified by “address” input (sw)
Data from the ou tput of ALU is fed into “write data Data from the “read data” output of data memory is
MemtoReg input of the register file fed into “write data” input of the register file (1w)
(add, sub, or,and, slt) b g
: : PC is replaced by the output of adder which computes
PCSrc PC is replaced by the output of adder which adds 4 branch target by adding existing content of PC with

to the existing content of PC (except for beq)

2-bit right shifted offset (beq)

Next step in the design of datapath is to add a control unit that generates the control inputs to MUX’s

-21'1-1'!-

WiI-M ]

= &= sRBrd
i
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Main Control (4)

PC+4

pant: 3

U_Mz=Cazmz]
op SzmCamme] dexDas

- A[31..0]

rs FozpFide Sk Diee U_RepFis I_
il

(% Resdaddeald 0] Deuzafat.o] [

Resolt[31..0] R

O f e [0 To Branch Logic
p cx Tnstruction[31.0] | L 1 Redassnte o] e TestZero =

DOUT-]

ADTRI-] I’d

Overdow B

M1 AM31 BIBL

aTe.0] T 2 Weesddddd..0]

ROME .A [4.01 a1 M3
]_nsh.‘g!_ddr[} 1 U] REgD R 50 - WrtcDeel3t 0] 0] :
QEM_] MemtoReg
[L5.0] 5 [L5..0] -=f C1H ey | J
. I DOUT-]
Immediate/Offset oo MemWrite

RAMEE = MemRead

Opemtioa[d..0] Wl

Sancif5..0]




Main Control (5)

Control Unit Inputs:

R-format 0., 0 0 0 0 0 0
1w 35,.. 1 0 0 0 1 1
sw 43, 1 0 1 0 1 1
beqg 4. 0 0 0 1 0 0

Outputs of Control Unit:

1 0
0 1
X X

1
1
0
0

X X

...above 2 tables constitute the truth table
WiI-M 11



Main Control (6)

Op[5.0] i

i
C
e
t

R T T A i T TATT R T AT VY VW

Ul uz U3 U4
AND6S ANDGS AND6S AND6S

R-format [lw SW beq

Pl

RegDst o

us
D AL USrc
ALUSrc

OR28 MemtoRe g

g TMemtcFez

D RegWrite :
FazWrits

oR2s MemRead
MMemP=ad

MemWrite :
MemWrite

Branch

Branch

ALUOp1 1—@
ALUOpO/

WM




Example R'type Il’lStI‘llCthIl (step1: fetch instruction & increment PC)

Step 1
1. Fetch instruction

2. Add 4 to the value of PC

u

U_MenConix]
op <
] 5.1

J M3 _BIBL
on]

DoUT]

s BoagFike ek Tice U Rk I_l A[RL.00

f 4 25 31 4.0 | | ) |:.

s Result]31..0] H=

“ = - ol To Branch Logic
- Ay e sovn g e listmuetion[31.0] | § 1 Redaddinla 0] DowSfit.a] [ TestTorn
'l Azl 28 Ovedor I

ke :} Web-adddd. 0] ﬂ ? i

L [ WesDemg3 ! 0]

. InstrAddr[31.0] — ==
'E RegWrite Mt
# MemtoReg |

]

]

-—

-

Immediate/ Offset

ADDRL | MemWrite
WE

L_allicess! RAMIE = MemPead

-3'1'1-!-

WiI-M 13

= &= sRBrd
i
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Example: R-type Instruction (step2: Read two source registers)

. - ==

Step 2:

DOUTL-]

ADDERL]

Instruction[31..0]

ROME

InstrAddr31..0]

Ji5.0] o [
=

B

PC8rc

RuzpFil e Dioe U RepFils
T Rmdaddeald 0] Dued[31.0] [
T ResdAddeB4.0] Deut[3t.0] [)
{ s Writcadddd. 0] E 7
o
(o WeieeDnee3 0]
RegWrite

Immediate/ Offset

1. Source registers are read from the register file
2. Control unit uses the opcode to activate units.
ALUOp =10 set based on opcode

i 4[31..0]

Result[31..0] HR

To Branch Logic
TestZeno
Overllon M
A3
L. 7] ey
w0
MemtoReg -E|>(
Lo J ETTETL
- C1E DR-]
DAL
e MemWrite
T = Q—‘ MemPB.ead

14




Example: R—type Instruction (step3: ALU operates on operands)

ML
=t C1E
DOUT-]
ATDRL]
ROMS

Inztruction[31..0]

TnstrAddr[31..0]

. - ==

Step 3:
1. ALUSrc=20

ity

U_AlU3dbxkr3kTx

Immediata/Offset

2. Control line values of ALU set by ALU-control
2. ALU performs desired operation on input data

ALU e inTz Saa e
RagFile ST U Regfide
™ RedAddndld. 0] Deusaf3l.0] [

Fezsult[31..0] [

To Branch Logic
T RedAddB[4.0] Deus[3t. 0] [ Textlem ot
- Ovarflow M
o Wasadddd 0] 5 g a3
{ o WekeDef3 | 0] H
1. 1
RegWrite . R
£ AT TUSrc i
MemtoReg |
TR
3D a
oF C1E BBE] e
DOUT]
ATER ] MemWrite
WE
=
HARE MemPR.ead

15



Example: R-type Instruction (step 4: Write result in destination register)

DOUT-]

ADDRL-]

Instruction[31..0] |1

InstrAddr[31..0]

Step 4:
1. MemtoReg = 0; RegDst=1;

3. PC is incremented by 4

FEEPRE

RzpFilz feDec U_RegFiks
Deurdfal.n] [
T RumdAddeBl4.0] DeweE{at.a] [
[ Wesadddd. 0] E &
i
T WieiseDief31..0]
RegWrite

Immediate/Offset

2. Result of ALU is written in specified register

e A[31..0]

Resultf31..0] B

To Branch Logic

DOUTL-]

MemtoReg

Am# MemWrite
AL = MemP.ead
WIi-M LG




L
.
.
i
¢

i oo
Fot « B

-21'1-1'!-
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R =
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Why 1s single-cycle implementation not used?

Assuming no delay at adder, sign extension unit, shift left unit, PC, control unit, and MUX:

—  Load cycle requires 5 functional units:
instruction fetch, register access, ALU, data memory access, register access
—  Store cycle requires 4 functional units:
instruction fetch, register access, ALU, data memory access
—  R-type instruction cycle requires 4 functional units:
instruction fetch, register access, ALU, register access
—  Path for a branch instruction requires 3 functional units:
instruction fetch, register access, ALU
—  Path for a jump instruction requires 1 functional unit:

instruction fetch

Using a clock cycle of equal duration for each instruction is a waste of resources.

WiI-M 1?



iverilog Example

. | Fle Edit Search View Encoding Language Settings Macro Run  TextFX Plugins Wi Fle Edit Search View Encoding Language Settings Macro Run TextPX Plugins Window ?
= — : —

P Lo A B 4 MD| 2 i @z | BE| = @ | e o & & |4 D = i x| BE| = ___'L-J L ] E AV E GV
= Qlv lEtestbench.v] EHalv F testbench.vl
1 module =g2 sop 1 module testbench;
2 ( 2 reg [1:0] test a, test b;
3 input wire[1:0] a, b, 3 wire test c;
4 output wire aegb 4
5 ): 5 eq2_soﬂ uat egZ{test a, test b, test c);
| - 6
i // internal signal declaration 7 initial
B wire p0, pl, p2, p3; 4= begin
9 g #20
10 //sum of product terms 10 test a =
11 assign aegb = p0 | pl | p2 | p3; 11 test b= 2'010;
2l // product terms 12 #1 Sdisplay{Stime, " a = %d, b = %d, c = %d",test a, test b, test c);
13 assign p0 = (~a[l] & ~b[1]) & (~a[0] & ~b[0]); 5 o
14 assign pl = (~a[l] & ~b[1]) & (a[0] & b[O]); - b
15 assign p2 = (a[l]l & b[1]1) & (~a[0] & ~b[0]); - LD SR - B
16 assign p3 = (a[l] & b[1]) & {(a[0] & b[0]); 16 #1 Sdisplay{Stime, " a = %d, b = %d, c = %d",test a, test b, test c);
17 I end
18  endmodule 16 endmodule
C:\WINDOWS\system32\cmd.exe

C:\iverilog>iverilog Q1.v testbench.v

C:\iverilog>vup a.out
201 a
402 a

C:\iverilog>

1v



Activity (Sample Quiz, Exam Q)

We wish to add jr (jump register) to the single cycle datapath
from the previous slide. Add the necessary connections to the
single cycle datapath block diagram to implement the jr
iInstruction. Also, append the table below to add the necessary
control signals needed for the jr instruction.

l.li:-:l'"_'.l lr-

ﬁl
L
.
.

: R-format 1 0 0 1 0 0 0 1 0
E 1w 0 1 1 1 1 0 0 0 0
| SW X 1 X 0 0 1 0 0 0

beqg X 0 X 0 0 0 1 0 1

== a5 LB

Wi-w 19



Answer (Part 1):

Modify the datapath as shown

14

U_Fegleumes

s RsgFile Sk Tine U RegFis
PSRN [ B addeals 0] Deuragal 0] [
a
P (12 Instruction[31..0] [ ResiAddeBs.0] Deuszfat.0] [
DOUTL
ADDRL] -
b [ Weemaddda 0] £ ;
[ WescDeli 1 0]
InstrAddr[31..0] e
egWrite

IR

I 431.0]

Rezult[31..0] HH

To Branch Logic

TestFem

Immediate/Offset

Overow
M3
AL
VLAY
1.
p
MemtoReg
J M31_BIB
Ml
- C1E D]
DOUTL-]
sna MemWrite
B
o MemPRead

cdl




Answer (Part 2):

... append the table below to add the necessary control signals
needed for the jr instruction.

»

LT R | | Ir-

i
A g
| R-format 1 0 0 1 0 0 0 0 1 0
T
¢ f 1w 0 1 1 1 1 0 0 0 0 0
|
| sw X 1 X 0 0 1 0 0 0 0
I,
| beg X 0 X 0 0 0 1 0 0 1
E if
E - Jr X 0 X 0 0 0 0 1 0 1
s Bt
| B! SE
K
E'H
K
] & il
Unf [k Wi-W 21



	Slide 1
	Slide 2
	Slide 3
	Slide 4
	Slide 5
	Control: ALU Control Unit (5)
	Main Control (1)
	Slide 8
	Main Control (3)
	Main Control (4)
	Main Control (5)
	Main Control (6)
	Example: R-type Instruction (step1: fetch instruction & increment PC) 
	Example: R-type Instruction (step2: Read two source registers) 
	Example: R-type Instruction (step3: ALU operates on operands) 
	Example: R-type Instruction (step 4: Write result in destination register) 
	Why single-cycle implementation is not used?
	Slide 18
	Activity (Sample Quiz, Exam Q)
	Answer (Part 1):
	Answer (Part 2):

