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Lab 7 Part 1

3-element adder



Lab7 Part 1

Lab 7 Part 1 Block Diagram

3-element adder

Seniors can only help from the WB stage.
Z-reg does not cause stalling.

X and/or Y registers cause stalling
if they are dependent on their senior #1.

Priority in forwarding? Since only one senior can
forward, there is no priority in forwarding.

Redundancy in forwarding: Since there is only one
stage to receive forwarding help, there cannot be any
redundant FMP (forwarding multiplexer pair).
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Lab7 Part 1

IF ID ~ ~
STALL ¢ 4 EX1 K EX2 ™ WB
VO EN Z1_mux ‘J—EN/ Y EN‘
-~ L
\ EN) \ _J_E_NJ k Y_Mux 1
za|ID zA | RO . 0 e A
_ Y D" a)
| | & g — S —
ID_YA g o} S %
YAl == YA YD XD, 3 ke!
9 Y_FORW1 |3 2 S
— ID XA X _Mux .
_ XD ]
e —p »XA XA fl P, B I B —
— o - -—-— - |rRA RA Cout
A E) I'_ RA | M- Cot | Ex1 RA EX2 RA RA|WB_RA
— 7 [ [ — = —
N B 1 X_FORWL 3 3
|| ‘ r-write ] v ] oy ]
— ST N - - n _ n —
| O | L |
N [ " “‘ . N ||
)z M z 1A [WB_WRITE
7 =) N /s a z =
1. Complete all missing connections marked in dotted [ines m == = -
Also complete the RA(Result Address) connection in ID stage (ID_RA). Comp Stationin ID Stage ID—ZMEX1| ID_ZMEX2 |
2. Complete al five enable (EN) controls on the pipeline registers (including PC).| P=Q P=Q
3. Complete the forwarding paths into the four forwarding muxes.
4. Complete logic to inject bubble into the next stage if the current instruction p Q =) Q
isbeing stalled or being flushed.
ID ZA ID_ZA
5. Draw the logic on a separate page for generating - | |7 | Ii
STALL,X_FORW1,Y_FORW1, Z_FORW1, Z_FORW?2.
ID_YMEX1| ID_YMEX2|
P=Q P=Q
ID_XMEX1=ID_XA Matched P Q P Q
. . = o ID_YA
Pinelined 3-element Adder with EX1_RA oyal [ AL —
Block Diagram
LAB 7 Partl ID_XMEX1] ID_XMEX2|
P Q P Q
ID_XA | | ID_XA | |7
EX1 RA EX2_RA




PC

Pinelined 3-element Adder
Block Diagram
LAB 7 Partl

Lab7 Part 1

IF ID ~ -
STALL ¢ 4 EX1 LR EX2 ™ B
‘_LE_N, Z1_mux | V) EN‘
—_ -
) JE\# ‘ Y_Mux 1
oA lID ZA Reg. File | ‘ > |
_ \4% a
INS-MEM = ;o 2D “a A Z_FORW1 pA ¥
- IR, & | WB_RD
|D_YA 5 — 5 S — > —
YA YA YD O\ Y_Forw1 | S 2
< X
— D XA \ X_Mux ]
XA | 2= XA XD — . L
q J I f| -~ B i
- 4 |RA RA Cout
oA K \I'_ RA | ﬁ‘ > Cout | Ex1 RA EX2 RA RA| WB_RA
X_FORW1 B 3
L o L O, .
| — N VY
L] n | i |
] SN [ |
— — e~ ||
z| EX1_RUN \j} z 1— A\ [WB_WRITE
> VE_
Comp Station in ID Stage ID_ZMEX1| ID_ZMEX2 |
P:Q P=Q
P Q P Q
ID_ZA| _ ID_ZA| :
ID_YMEX1 | ID_YMEX2 |
P=0Q P=Q
ID_XMEX1=ID_XA Matched P Q 5 Q
- with EX1_RA 'D_YA| L 'D—YA| I
Used in
STALLing ' ID_XMEX1| ID_XMEX2 |
p _Q P Q
ID_XA | | ID_XA | |
EX1_RA EX2_RA

Comparison units
3 in IFRF + 6 Comp station in ID =9 total




Lab7 Part 1

ee457 lab7 P1 comparator inference signal naming convention.pdf

v |2 |72 v

ID XMEXI EX1_XMEXI EX2 XMEXI WB_XMEXI

"4

ID_XMEX]
P=Q

p Q

ID XA |

The yellow-highlighted portion of the signal does not change.

The prefix pointed to by the red arrow changes as the signal goes through the stages.

EX1 RA

In some of the exams, we ask students to have
Forwarding units in each of the EX stages, even
through area wise and timing wise it is not a good
idea.



Do not create GHOST copies of the stalled or the senior

Lab7 Part 1

instruction when stalling a dependent junior! Inject a bubble!

IF/IDWnte

IFAID

1.

HDU 1D vDD
Hazard
detection
unit ID/§ I|D Exﬁgﬁ:f
2=
v LA
0 _—
a | Im[\| 2
u 7=+ M
X 1 | ID/EX.RegDst
0
5 LlfaHanexRugps!
RegWFI'[E ]




STALL B

Lab7 Part 1

VDD

Cout RA

WB_RA

Bubble Injecting AND gate

EX2 COUT

L

' z
N7z

WB_WRITE




HDU in our Lab 6 Part 4 (or any pipelined CPU) =™
injects a bubble into the next (EX) stage, when it stalls
an instruction in the ID stage.

\ ¥ IF
Y 'y

"Ex %}("Regw rite ¢ EN ’
& 2’ INS-MEM
& | WB
3 0 -
2 Al [Im|\| 3
= T u sl M
IFAID 9 vannd 138 on IDIEX Rﬂﬂhs
|—L| RegWirite [

- a,(,(‘__q___' Clcmﬁ’ff( X.\‘ﬁm»(s inls 2ERDA.

Mux with a zeros input is to illustrate Actual implementation can

the Bubble injection concept be as simple as a bunch of
AND gates (here one AND
gate. STALL B

_ID_RUN I—D_\




Do spurios stalls occur in the

of Lab 6 Part 4

Lab7 Pa

5-stage CPU

and/or this Lab 7 Part 1?

—

-

F 1/

Stall logic in Lab 7 (all parts) will check to see
that the ID_RUN _IN is true.
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ID_XMEX
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EXI-RUN-IN

1D _RUN_IN—
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IF ID STALL ¢ "" EX1 e "\
‘_LE_N' Z1_mux EN'
Y 4 - Comp StationinlDS!a%
. 1 ZD- s ZD
N Y_Mux —‘
Reg. File Bl » ]
zA [ID ZA
N ] " 5§ s
VA ID_YA YA YD XD‘ - ? __—
— \ X_Mux
pIXA ID XA XA XD s T [
— & = = -~ jl RA = = RA
ka : l'_m | Vo Cout | EX] RA
— — | |
A1 —RD i X_FORWI1 g
B ] R-Write N 'y 1
NP E{\ s
o~ | oS
ID_RUN 1 2| EX1_RUN Az
) el g~ N L=

Lab7 Part 1




Lab7 Part 1

On power-on reset, you want to make sure that
there are no RANDOM instructions in the pipeline.

R UL (_@'xo]a @cx[

'\ IF

Dual purpose of the WBFF in Lab 6 Part 4
Why don't we need a WBFF in Lab 7 Part 1?

Answer: No opcode here. Single-bit active-high RUN signal! So, no
difficulty in converting the RANDOM instr in ID stage to a bubble. There
IS no branch instruction to flush the IF stage fall-through junior through
wrist banding. Even if there is a branch instruction, we can inject a
bubble into ID from the IF stage to flush the IF junior!




Lab7 Part 1

The reset signal (during power-on reset) asynchronously
clears theRUN signal to replace the random instruction
in the right 4 stages with a bubble.

The RESET signal also clears the PC so that the very
first boot-up instruction at (PC=0) is fetched in IF stage.

IF ID

STALL ¢ EX1 -~ rn -
_ vy 21 mue g BNV X2 S AL
y -\ P -‘:/C'omhnmmmSmg}, > |zp A D -
\ EN VEN, / > 7 -
- - ) i Y_!_\{'UJC “ 1 Z E__mux
za|m_za | “ET ) - ~
1 INS-MEM e | ZA ZD| b - A e—- Z_FORW1 | = -~ . - — A q
| | : \ - ARG & | WB_RD
YALP-ERL va v XDy rokwi 3 e Z FORW2 |3 > !
’. ' ID_XA . XD \ -\Amx
—» A L= Xl =) —0
PC ey - - ; RA (31 et RA Cout .
b E) R v | LY LCwm |Ex)Rra EX2_RA RA| WB_RA
| | l
a 1% i X_FORW] g g
\ R-Write | f_)_;‘, :)nv
o L g ~=-F ’ i - i
I — N TN -~
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Q#1 Fall 2018 Midterm

A 4-element adder



IF

i

Comparison units in the IFRF:

Comparison units in the comp station:

ID

CComp Statio@

—%_

RF

HENE

|

ID RA

The S-stage design:

EX1

5055

EX1 RA

EX2

EX2 RA

used in stalling and

Q#1 F2018 MT

WB_RUN

WB_RA

used for forwarding



Q#1 F2018 MT
IF ID EX1 EX2 WB

(Comp StatiorD _ - ~
_ | ZD 2
S_\
YD \—A
H D S el
'S-::eln WD B WB RUN
-— r
ID RA EX1 RA EX2 RA WB_RA

Comparison units in the IFRF: 4

Comparison units in the comp station: 2

é[ used in stalling and (1 used for forwarding
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The 6-stage design:

IF ID EX1 EX2 EX3 WB
(Comp Statio@ _ _ _ _
v —(O— —0— —A WB_RD

IM RF & |#I 1 S o

SH—
WD _ ._O_B WB_RUN
ID RA EX1 RA EX2 RA EX3 RA WB_RA

Comparison units in the IFRF:

Comparison units in the comp station:

used in stalling and used for forwarding




The 6-stage design:

IF ID
(Comp Statio@
_ . ZD
H M RF 2D
i XD
Write | WD
Data_In
—ID RA

Comparison units in the IFRF: C‘

Comparison units in the comp station:

5 used in stalling and T

Q#1 F2018 MT

EX1 EX2 EX3 WB
o Lo 1H05) [l
B > HE
00
St—"
_“'O*‘B WB_RUN
EX1_RA EX2_RA EX3_RA WB_RA

P

used for forwarding
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The 5-stage and the 6-stage
Each has its own advantage and disadvantage!

If you want the S-stage to look better, you write testbench with more instruction sequences such that

If you want the 6-stage to look better, you write testbench with more instruction sequences such that

If you want the 5-stage to look better, you write testbench with more instruction sequences such that

either SW or $X is dependent on its senior #2. Then the 5-stage design does not stall but the 6-stage design
would stall.

Basically 5-stage does better than the 6-stage for solving dependencies of SW and SX. SY is same. But for SZ, the 6-stage is better.

If you want the 6-stage to look better, you write testbench with more instruction sequences such that
$Z is dependent on its senior #1. Then the 6-stage design does not need to stall but the S-stage design would
stall

Basically 5-stage does better than the 6-stage for solving dependencies of SW and SX. SY is same. But for SZ, the 6-stage is better.
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Q#1 Fall 2019 Midterm

A 4-element adder

One of the four is a constant 3

Do you want that to be the W or
the X or the Y or the Z?

Ans: W or X to avoid as many
stalls as possible
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W or X can be replaced by constant 3

The S-stage design:

IF ID EX1 EX2 WB
CComp Statio@ _ - -
ZD :0_ A
S—\
M re Y0 _||_0)-B — WB_RD
o |10 :
/_
St—" :
B WB_RUN
..mw@ |
ID RA 37 EX1 RA EX2 RA WB_RA
The 6-stage design:
IF ID EX1 EX2 EX3 WB
(Comp Statio@ _ _ _ _
| ZD \0 , A WB RD
B S B
H IM RF | XD \0— '—:()-'A 1
SH——"
S——"
H{RJ\J B WB_RUN
ID RA 37 EX1 RA EX2 RA EX3 RA WB_RA




Q#3 Spring 2020 MT
The 3-element adder

With a Dummy Stage EXO0



IF 1D
‘v

\EN,

Reg. File
S| PAD_ZA
S —
% va | ID_YA YA YD
Ly L XA ID_XA |xa XD]

PC
= - RA

RD

R-Write

WB_WRIT

Cross out any unneeded muxes, comparison units, etc,

and complete the remaining connections marked as ( )
>

Pinelined 3-element Adder
Block Diagram
LAB 7 Partl modified (EXO added)

Q#3 S2020 MT

b y
1 EX1 P £ e~ e
EN
P Z1_mux §| Y EN)
o
- P L
Y1 Mux N\ 1
= ?
- 1A A N
\ b\ Z_FORW1 Y |we RrD
> > S — - —
8 —— & S A
Y_FORWL |¥ 3 9
X1 Mux ]
A B ] B ]
‘ -» Cout RA Cout
EX1 RA EX2_RA RA| WB_RA
- [ [= ] = I
X_FORW1 3Y 2V
O — < |
\ ~
: ] 5 [
= :WB_WRITE
| ] Z
| |
ID_ZMEXO| ID_ZMEX1| ID_ZMEX2 |
P=Q P=Q P=Q
P Q
P Q P Q
ID_ZA | _ ID_ZA | _ ID_ZA | |7
ID_YMEX0 | ID_YMEX1 | ID_YMEX2 |
P=Q P=Q P=Q
P Q
P Q P Q
ID_YA| | ID_YA| . ID_YA| )
ID_XMEXO| ID_XMEX1| ID_XMEX2 |
p Q P Q P |Q
ID_XA | | ID_XA | | ID_XA | e A
EX0_RA EX1 RA —




STALL B

Q#3 S2020 MT

VDD VDD VDD
) = g EX2 &/~ wB
’ -y WV EN
& i Y 1 Comp Station in 1D Stage' 0 ’
( J/ -
] ‘EN’ \ Y1_Mux AL i
- : ~ \
Reg. File =" —
1 IS ID ZA - A Q
% _\ zan 2D \ ) ' Z FORW1 A % | wB_RD
[ |D_YA S S | — — 5 S — i— ] .
9 [ YA YD v_FORWL |Z 3 9 i
- — \ X1_Mux —
Ly L XA XA XD| 5 L
PC ] : A Cout
» Cout |EXL RA RA | IN3IRA
RA L | - — = L HH
(FORWLI 3V 2V
OI L QI |
1 - N
_ z i — n -
| ] ] ]
D,_z e riTE
I 2 [
L@ |
ID_ZMEXO| ID_ZMEX1| ID_ZMEX2 |
P=Q P=Q P:Q
Only thing that needed crossing off is the 2-input AND gate in the EXO stage.
Cross out any unneeded muxes, comparison units, etc . o P Kl ID ZAT 7
s ' . Ny ID_ZA ID_ZA — )
and complete the remaining connections marked as “\ . | I - | I
; ; Vo ID_YMEX0 ID_YMEX1 'D_Y'V'EX2|
All three new muxes and all three new comparison units are all needed! - | — | Pz
P=Q P=Q =Q
P ° P 2 ID Y: i
Pinelined 3-element Adder Used in ID_YA| ID_YA| - |
Block Diagram STALLing
LAB 7 Partl modified (EXO added) 1D_XMEX0| 1D_XMEX| ID_XMEX2|
P Q P Q F|’ |Q
ID_XA | | ID_XA | | ID_XA E55 A
EX0_RA EX1 RA -




EXO_XMEXL | X_FORW()
WB_WRITE !
X_FORW
EX{_XMEX] | X_FOrRW |
WB_WRITE i
ID_XMEX1 |
ID_YMEX1
ID_RUN“ STALL
EX1_RUN Original design

Note: Senior #1 is in EX1 in the original design. If the
junior is dependent on his senior #1 for X or Y, he

should be stalled for one clock.

(A

Q#3 S2020 MT

Ex0 ZMEX .

11_ZMEX A

D/

Exo_ Z_FORW()
WB_WRITE . \

™, Z FORW/
1L/

WB_WRITE
o _ZMEX [ Z_ FORW
WB_WRITE '

ID_XMEX0 _

ID_YMEXO0

Note: Senior #1 is in EXO in this new design. If the
junior is dependent on his senior #1 for X or Y, he
should be stalled for one clock.

ID_RUN”
- STALL
' New design with |

EXO_RUN

dummy EXO stage




Q#1 Fall 2020 MT

The 3-element
adder with a
multiplier and
a bypass
around

the 2nd adder
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IF ID K EX1 =y EX2 ¢ = WB
STALLD —[>o— STALL DB ‘LEN’ STALLM —[>o— STALL_MB ZIMWY | BN o VEY
’ L
VEN, \ BNy YIMux  Y2Mux i -~ A RIMux I
Reg. File | \ -
ZA|ID ZA D |
T~ ZA ZDJ | Cal 'AE EZIM I
S YA = YA Yb XD4 FYIM EY2M é
% 1D XA X1Mux  X2Mux | &
, XA | P— XA XD ] 2
> & > 5 <
PC S| Ty~ RAI \ \ M
Ny NRAResutAddresy 7 4| - - EX1_RA EX2 RA RA|WB_RA
RN\, \ L] = L = |
_Dil \ ARD Result Data L EXIM EX2M \
a - Result Write - | —
| R-write ] EX1_Write —
m — a |
RS TN oy - H
5 — S — —
j;l 2 ;/PA_Z . A_2 EX2 WRITE
é A3 | A3 A3 -
V 1_H:’_ M y \:‘ \
-~ [1EX1_MA — T
o A ID_MA DETAEAS VA EX2_ MA } Z |WB_WRITE
N
ﬁ_—T_ ﬁT ﬁT ﬁ%r
- b 0 l ID_ZMEXl‘ ID_ZMEX2 ‘
o CLK_> CLK P=Q P=Q
— P P
CLR Q Q
=1 ID_ZA‘ _ ID_ZA‘ _
sq ID_YMEXl‘ ID_YMEXZ‘
% n:l P=Q P=Q
g >, P Q P Q
<y ID_YA‘ I ID_YA‘ I
X =
12
% ID_XMEXl‘ ID_XMEX2 ‘
S o P:QQ b P:QQ
=
X, ID_XA ‘ | | D_XA‘
o) EXLRA EX2_RA
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Instruction Operation Opcode 3
MA M A3 A2

NOP 0 0 0 O

A2 SR, SX, SY; (SR) <= ($SX)+(5Y) 0 0 0 1

A3 SR, S$X, SY, $Z; (SR) <= (S$X)+(SY)+(52) 0 0 1 0

M SR, $X, SY; (SR) <= (SX)*(SY) o 1 0 O

MA SR, $X, SY, $Z; (SR) <= (S$X)*(SY)+(S52) 1 0 0 O

'k EX1 =y EX2 2nkY

v EN’ STALL_M —{>o— STALL_MB ZIMuy | BN U.,EN Y

r Y 1Mux Y2Mux R 1Mux [
A
5 P
2 A | WE
= P —
= +
= 2
2
<
RA | WE




Bypassing stage logic
Is used in Lab 7 Part 3

PC

RESET B

I-MEM

ID

-
)
v’

(Comp Station m ID Sta;b

ID_XMEX1

—4

mé

/
Qualiys HDU gy,
Signals =
- N ST.
]
L N *h

¥

|

ID MOV #
N
ID_SUB3

-
"IN
s_r
¢ " N|RD
- v

Reg. File

XA XD

R-Write

EX1_XMEXI

NOP

MOV $R, $X;
SUB3 $R, $X;
ADD4 $R, $X;
ADDI $R, $X;

i
]

XMEX2XMEXI

kY

EX2_XMEX!1

i

Q#1 F2020 MT

(SR) <= (§X)

(SR) <= ($X) - 3
($R) <=(8X) +4
(SR) <= ($X) + 1

WB

ID_ADD4

ID_ADDI1

|
& | ADD1ADD4|SUB3 [MOV

//-‘ :
(D—5
D
L™

|/

A ID_RA
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ID Stage

IF
Dual purpose of the WBFF [y lP-MA

1.1. In our 5-stage early branch pipeline, if ISA declares one branch delay slot, then a successful

branch in ID stage (does flush its junior in IF stage.
(Hence[Even then] you [needHo not need) a WBEF on IF/ID

stage register. When we switch-on power, the random instruction in the ID stage 1s converted to
a bubble due to asynchronously setting or resetting this WBFF and using that information to tell the CU (control

unit ) that, the random instruction is the ID stage is ""destined to be flushed". Then the control unit ignores the opcode of
the random instruction and generates 9 zeros for this instruction.

In the modified Lab 7 design here, we (do need a WBFF on IF/ID stage
register to convert the power-on random instruction in the ID stage. Explain:

Here, the opcode is one-hot coded. It is like the opcode is already decoded into individual control signals, A2, A3, M, and MA.
So, NOP is all zeros. Hence we are able to simply clear the IF/ID, ID/EX1, EX1/EX2 on reset to get rid of
the RANDONM INSTRUCTIONS in ID, EX1, EX2, and WB stages. Hence we do not need any WBFF here!




Revisiting this page

On power-on reset, you want to make sure that
there are no RANDOM instructions in the pipeline.

Lab7 Part 1

R UL (_@'xo]a @cx[

'\ IF

Dual purpose of the WBFF in Lab 6 Part 4
Why don't we need a WBFF in Lab 7 Part 1?

Answer: No opcode here. Single-bit active-high RUN signal! So, no
difficulty in converting the RANDOM instr in ID stage to a bubble. There
IS no branch instruction to flush the IF stage fall-through junior through
wrist banding. Even if there is a branch instruction, we can inject a
bubble into ID from the IF stage to flush the IF junior!
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(Like the X and Y operands, which need two pairs of forwarding muxes in

EX1, the Z operand (needs a pair of forwarding muxes in EX1.

Explain

Unlike the X and Y, the Z does not participate in any computation in the EX1 stage. So, unlike the X and Y, Z will
not stall in the ID stage, even if his immediate senior (S#1) is a A3 or MA who cannot help from EX2. So, Z decides to
receive help from his senior #1 in the next clock, when Z is in EX2 and his senior #1 is in WB stage. Hence the second

mux of Z (Z2Mux) is in EX2 unlike ngé}‘lsx_f gil_lrd }12’“21 ‘];\OI’I(;\ w hl‘)(‘;hl are in EX1. @ Copyright 2020 Gandhi Puvvada
i EX1 e~ "\ EX2 ¢ ~AWEB
- i
/ YIMux  Y2Mux \
-
YD | A 3
VTN 3N o
/XD FYTM FY2M | 2 é
X1Mux X2Mux 5
3 \
RA E \ J
— RA
N \ _ \ - A/M| EX] RA EX2 RA "4 | WB_RA
b “s
FXIM 1) SN NI /

Z has the luxury of waiting until it reaches EX2.



STALL DB STALL MB
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ID 4k EX1 ~4 EX2 ¢4~ WB
_5
STALL_D TALL_DB ‘_&LEN’ STALL_M ADQ_ STALL_MB ZlMUX‘_LEN/ S M-EN’
/"1 zD 0 | 7D
-~ N D
‘ EN’ ‘fj\b Y1Mux Y2Mux \ 1 ~ | A R1Mux i
Reg. File | = [
ZA|ID_ZA YD a
| ZA Zz | -~ \ '_\ |A.§ EZ1M E WB RD
LAl ID_YA — ‘U M- | > —
YAl —= YA Y XD S £
S L FYIM EY2M g Q
u T X2Mux 3 Eall
> ID_XA ]
—» o L XA XA XD J 5 < L
PC P T N \ —
\ RA Result Addresd \3 AIM| EK1 RA RA| WB| RA
RA Ve, \ o - \ ] |
_Dil \ NRD Result Data L EXIM EX2M
a - Result Write )/'J | [
[ R-Write | EX1 Wr V |
m — | |
% =7 | \’ \ N N /§ ) | B
= R . - ]
; % Ol T % D/
s ] — -{ne / nsl " BERITE
V 1_}_ M y / M [ \:‘ \
o Woneed for a WEFF | [ppa]ID-MA T -lva ex{ MA /| | sTALL M VA EX2 MA T |WB_WRITE
o as we are able to clear / | %—
the one-hot opcode bits 'r\T__T_ ﬁ_'_f_ ﬁT =

- o
to make the RANDOM = 2 =
instruction in the ID stage I = ~ ID ZMEX1 ID ZMEX2
a bubble gz o' D Q - | - |
= N CLK P=Q P=Q
= CLK R P Q P Q
=1 ID_ZA‘ _ ID_ZA‘ _
- ID_YMEXl‘ ID_YMEXZ‘
§ D:l P:Q P:Q
< ; P Q P Q
E = ID_YA‘ I ID_YA‘ I
=
12
% ID_XMEXl‘ ID_XMEX2 ‘
; P=Q P:Q
S P Q P Q
X, ID_XA ‘ | | D_XA‘
a) EXL RA EX2 RA




forwarding

(Like /

Q#1 F2020 MT
UnIikeb in Lab 7 P1, the comparison

units used for stalling and the comparison units used for

(are /| aren'tb In disjoint groups

Consider different types of seniors: some agreeing to help in time and some asking you to stall.

‘Q#1 Fall 2020 MT

Lab 7 P1
Comp Station in ID Stage ID_ZMEX1| ID_ZMEX? |
P=Q P=Q
P Q P Q
ID_ZA I . ID_ZAI l ]
ID_YMEXI ID_YMEX2 |
= P=Q
| - P Q P Q
o | S il
Used in
STALLing ' m_x_\{Exll ID_XMEX2|
P Q P Q
oxa| | | mxal | |
EX1_RA EX2 RA

with EX1 RA

ID XMEX1=ID_ XA Matched

ID ZMEX1 |

P

P=Q

Q

ID ZA |

ID_ YMEX1 |

P

P=Q

Q

ID YA |

ID_XMIEX1|

P

P=Q

Q

ID XA |

E

X1 RA

ID ZMEX2 |

P

P=Q

Q

ID ZA |

ID_ YMEX2 |

P

P=Q

Q

ID YA ‘

ID_XMEX2 |

P

P=Q

Q

ID_XA|

EX2 RA

How about Lab 6 Par 4 early branch?

The pair of comparison units in the FU_Br are also in HDU_Br. A branch instr.
in ID stage can get forwarding help from R-type senior #2 in MEM stage but he
has to stall if that senior #2 in MEM is a LW INS1I.There are other such cases. Please see Lab 6 Part 5.
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Designed by: Gandhi Puvvadd

Detailed implementation of Early Branch suggested in 3rd Ed.

Drawn by: Wei-jen Hsu
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STALL_ D and STALL M

ID XMEX1 Junior depends for X and/or Y on Senior in EX1
1D_Y.\-1EX1§>— EX1 A3

Senior in EX1 will need a clock in EX2
EX1_MA ?—
ID A2 :
ID A3 '-l-\ STALL D
: _|/ Dependency STALL in the ID
ID—‘\"I D Junior 1n ID 1s not a NOP

ID MA

STALL M

1D Q
. CLK

CLR




Q#1 F2020 MT
A stall in EX stage or beyond results in stalling the entire pipe!

DCM (Data Cache Miss) in the early or the late branch designs of the CPU.
Stall initiated by MULTIPLY operation in EX1 in this Q#1 of Fall 2020 MT.

If you do not stall the entire pipe, any forwarding

help from the WB stage senior to the junior in EX
stage would be lost :(

But the senior in WB has already helped the

junior in EX stage, so why do we need to stall the
entire pipe?

Well, combinational logic in EX stage cannot hold
(store) the help received in a prior clock!



Q#1 F2020 MT

Time-Space Diagram

Complete the Time-Space diagram below. If there are excess rows in the table, just leave them blank. If
there aren’t enough rows to complete the given sequence, stop at the last row. Write "Bubble" or
draw a bubble when needed.

instrl: MA#1 MA $4, $3, $2, $1 CC# IF 1D EX1 EX2 WB
instr2: M#2 M $4, $4, $4 CE1 MA#1
instr3: A3#3 A3 $7, 56, $5, $4 CC2 M#2 MA#1
instrd: A2#4 A2 $8, $7, $4 cc3 A3#3 M#2 MA#1
instr5: M#5 M $4, $8, $§7 CC4 A3#3 M#2 MA#1
CCS A3%#3 M#2 Bubble MA$1
o |CC6 | A244 | A3%#3 M$2 | Bubble | MA#1
5 CC7 A2#4 | A3%#3 M§2 Bubble MA#1
% |CC8 M#5 A2%4 A3#3 M$2 Bubble
8 |cco M#5 A24#4 | Bubble | A3#3 M§2
e e e e e ) M| N T ME5 | A24a [Bubble | A343
MA or M is preparing to leave EX1. 8 0 oo | M#5 A2#4 Bubble
cC12 M#5 A2%4 Bubble
In what clocks (write CC numbers) did STALL D go active? CC3, CC4,dueo:r.T:if et ccs dueoféqaﬁ S
In what subsequent clocks did STALL D go inactive? CC5 CcCo

In what clocks (write CC numbers) did STALL M go active? €3 PrMi#  CC6Rorli® CCL1 forhid

In what subsequent clocks did STALL M go inactive? CC4 CC7 CC12




Q#1 Spring 2021 MT
The 3-element adder

with a SUBJ3 and a BXY
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BR1 g
~ )
1Y
-
0 IF 1D EX1 EX2 EX3 Vd WB
:J'._\ EN_IFID EN_IDEX 1’52 ,:l,lENiEXIEXZ ’:Q EN _EX2EX3 EN_EX3WB ~|.\
16 g |
L] % ] Z1Mux % Z2Mux % 'S
9 9 g el Z3Mux ]
16 9 g 0] | & 0 < &
EN_PC g g - | & 5l ) ) A ol A
,J_\ ] Reg. Filp _A1zDt=—""| 7D zpr o || ”
ZA D_zA 7 AZD — YiMux | Y2Mux §| Y3Mux FZIM | | FZmM | §
— YD[ | X ~ e —
VA |D_YA ! A Gl 2
YAYD - . 3 £
< FYIM FYOM | Fysm 2 -, =
| | X1Mux X2Mux ux o
PC = AlDXAL XDl ¢ ’ X)M < % E
A XD pd i i ! B e ~
@l 2 & )
Z _IRA | S
55 § ] FXIM FX2M FX3M >-‘
m ijr | a —RD ID Write EX1_Write 2 (Xpl::Y is Zero) é
S LI | B — >
O m .
2 —— 2 |R-Writd al L E‘ ﬁ‘ EX2 Write % 5 EX3_Write
= WB_WRITE o = ' l 3 = S Foll I
] > > > |lm m
—OHE SBSH i \ A7 FA
] g g g I$ ;|
S m=iey : o — =Dey =
- [ < | [ = | [ = | = | |
=i =By B =DSE B
L=< | :D_L L=< | = | BI
tn =S Fy 0 | %] -
~a [D_XA i XL XA o X2 XA S B3 XA WB_XA
BLIF S TN PATTEXT YA 2ATEX2 YA ATEX3 YA WB_YA
YATID ZA YATEXT ZA YA EX2 ZA YATEX3 ZA WB_7ZA
ZA ZA ZA ZA ——
=Al_ID_RA <al EXI_RA Al EX2_RA A EX3_RA WB_RA
=7 =7 il il ®S

HDU_ID |:|

} oSTALL DB

STALL D

FU_EX1 |:|

FU EX2 |:|

FU EX3 |:|

Separate HDU and FUs. So, instructions need to
bring their source operands to later stages
to compare with the destinations of their seniors.

Count of comparison units in boxes next to the HDU and FUs.



Instruction

NOP

AXY SR, $X, SY;

AXYS3 SR, $X, $SY;

AXYZ SR, $X, S$Y, $Z;

AXYZS3 SR, S$X, SY, $Z;

BXY: $X, $Y, JJJdd;
BXY has|one delay slot

Q#1 S2021 MT

Operation

v An
ZO R

v »
2R

o
@

<= ($SX)+(SY)

<= (8X)+(5Y)-3

<= (SX)+(SY) +(82)

<= ($X)+(8Y) -3+ ($52)

<= JJJdJd if (XplusY == 0)

= do not flush Junior #1 even if BXY is successful
= do not initiate bubble-injection
from the Junior #1's stage



STALL D | STALL_D would stall IF and ID only
& if BR1 is not True. Conflict fixed. Q#1 S2021 MT

BﬂoD\:Doj\ BR1 Q

a a o
ral =] o
> =~ & =
BTAddr = JJJJ (from EX2) m
f
0 ) 1D rly EX1 71y EX2 \ EX3 Y WB
EN_IFID EN_IDEX17]) ~ EN_EXIEX2 EN EX2EX3 EN_EX3WB o
16 . — 1
% g Z1Mux § Z2Mfix x x —|'
16 ,g < 0 < Z3Mux
B 3
E | & | — | m / ' _‘— —{) N o
Vd — Reg. Filk 72D ZD7" 7D s R3Mux M|
ZA ID_zA 7z AZD | vivux | YaMux | yamux FZIM FZ2 FZ3M 8 aa)
_YD 0 0 A R2Mux , 2 B
—~
YA [ID_YA ) i i A S o > b AL a
YAyp — FYIM 5 E ! "
E | X1Mux ;YI%/IMUX ;:(Yi/[M _—g a
—PQ = D XA| XD < % FXY3M
XD yd 2
<
RA his crogsing |aff is similar to the
FXIM FXoM one inthe Fal| 2020 final exam

RD ID_Write

R-Writg =) Juniar in the Delay
Slat should not be
WB_WRITE flushed]

Mo need ta flush through Bubble-Injection
down-stream of the stage fromwhere you
are executing the branch. And branch does

EX3_ Write

=|
|—o|
\ | INS-M
| [ 1%
WB_RID W]I34RA
BI
|
[
=]

. . naot need ta cover itself into a bubble as he
—“D—i i 4 walks through the rest of the pipe.
<< < <
& | Fa 3 | I
=Dl il : :
< < <
=< | =< | ﬁ =
=DeF o —= |z 0 =
Al ID XA \ Al EX1 XA 3 M/ R B_X%A
BLIF 1 ID YA ) 1 EXI YA % B YA WY YA
YATD ZA 5 YATEXT ZA NEX2 ZA y B XA
ZA T ZA ZA —
RA| ID RA 5 [RAl EX1 RA RAl EX2 RA WB_RA
T BR1 = L
oK. =T T x g X
Itis Ok, if students R A m" R R R
use the "Stall or Flush" 't HDU_ID III FU EX1 FU_EX2 III FU_EX3 III
fromthe OR gate =)
an the right side for this. [f STALL DB
»n }‘ -
Whenever you stall, you stall
hoth IF and 1D stages. There STALL_D BR1
iz na [CM
here. So BR1 is

adequatel



Q#1 S2021 MT

Write a number in each of the 4 small boxes indicating the number of register ID comparison
units on the next page and transcribe them here. $0 is not a special register here.

HDU ID || 4 FU EX1|| 7 FU EXV|| 1 FU EXY|| 1
4+7+141 =13 FU_EX2 FU_EX3
Now arrive at the bare minimum number of comparison units we would need if we followed
our Lab 7 Part 1 method of pooling all comparison units in a comparison station in ID stage.
(comp station in ID stage:b O | The 4 comparison units in the HDU are replicated in the FU_EX1.

Do not help an instruction in the result path! =
You need to help in its source path!

Gl

D or XPY minus 3 | e >
5]

aw o |

5 XE
A sz

2 '
i/ el ¥
&
X .

=
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Mr. Bruin created a
4-element adder similar to
the Fall 2018 Question

but it is neither a tree not a

linear cascade!
See the MOV instruction support!
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Mr. Bruin and Miss Bruin are the TAs for a similar course at the other school. They looked at our

above Fall 2018 midterm question and solution. They wanted to design a midterm question for their
course by combining the above two designs in the following fashion. Note that they are adding
(W, X) in EX1 and (Y, Z) in EX2 and adding the two intermediate sums in the EX3.

Mr. Bruin’s 6-stage solution block diagram:

IF ID EX1 EX2 EX3 WB
(Comp StationD N - - -
s \.m—n
) B

™ RF 20 U —\0— s b

B

2B 0- ~0
Write S

ata in WD, J)—B WB_RUN
ID_RA EX1_RA EX2_RA EX3_RA WB_RA

Miss Bruin told Mr. Bruin that there is no need for any forwarding muxes
in the EX2 and EX3 stages. Her design is given below:

ID EX1 EX2 EX3 WB

(Comp StationD _ - - -
ZD ) A
Rl U )
L *l b —| B v_h WB_RD
B
XD \0_ A /
Write S
ata in WD, &—B WB_RUN
ID_RA X1 RA EX2 RA EX3_RA WB_RA

- LI e o 7r =139 4 " - r —— L 4 . —— ENY —— LY 4



Mr. Bruin’s 6-stage solution block diagram: Q#1 F2021 MT

IF ID EX1 EX2 EX3 WB . L.
. Mr. Bruin, it 1is
(Comp Stanon) - - - ) meaningless| and wrong
ZD n \O_A to help a junior
 — S instruction| who has
D ..0 __\0_3 \.3—-& wB rp already did| some
M RE' b *B S = processing with his
XD \O_A ‘- / data. »
Write N
ata in o B WB_RUN __
= - 5 Students do not need to
ID_RA EX1_RA EX2_RA EX3_RA WB_RA write why fthey did not
— = — — choose Mr.| Bruin's or
Miss Bruinl's design.

Miss Bruin told Mr. Bruin that there is no need for any forwarding muxes
in the EX2 and EX3 stages. Her design is given below:

But why did you remove the muxes and Y an Z
paths to convey help from their senior #2?
IF ID EX1 EX2 EX3 WB v
omp Station) _ = - - iss Bruin, good that you
Comp S M B good that y
7D removed the three |wrong
—_— n— *—A muxes added by Mr{ Bruin!
<
i e (X2 N—pée S o[l
B
XD \0_ A /S
Write S
ata in WD ﬁ—f’ WB_RUN
ID_RA EX1_RA EX2_RA EX3_RA WB_RA
You agree with (A./B where A = Mr. Bruin’s design, B = Miss Bruin’s design,

C = neither. | If you chose neither, then complete your design below.
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You agree with (AfB where A = Mr. Bruin’s design, B = Miss Bruin’s design,
If you chose neither, then complete your design below.

IF ID EX1 EX2 EX3 WB
(Comp StatiorD ~ - - -
ZD ' A

— S

YD . B N—a WB RD
IM RE  f—) S — —

>B
|£ A L
. | e— d'
Write S

ID _RA EX1 RA EX2 RA EX3 RA WB_RA




Adding support for a MOV
instruction to the Q#1 of
Fall 2021 MT



Recollect MOV instruction
implementation in Lab7 P3

PC

RESET B

I-MEM

ID

(Comp Station m ID Sta;b }

ID_XMEX1

-
£\
-’_R.-\
¢ N|RD

- -

R-Write

EX1_XMEXI

NOP

MOV $R, $X;
SUB3 $R, $X;
ADD4 $R, $X;
ADDI $R, $X;

“a
]

IDMOV # '\

ST e

ID SUB3

ID_ADD4

& | ADD1ADD4|SUB3 [MOV

ID_ADDI1

//-‘ :
(D—§
D

L™

|/

A ID_RA

PRIORITY E

Qg:‘?m
signals

Q#1 F2021 MT

(8R) <= (8X)

(SR) <= (§X) -3
(SR) <= (8X) + 4
($R) <= ($X) + 1

WB




MOV R, W (meaningR <=
MOV R, Y (meaningR <=

W)
Y)

Q#1 F2021 MT

(MOV R, W (meaningR <= WD Your base design + 2 skip-muxes to support a MOV instr

IF

i

ID
(Comp Station)

N
O

1518 [5

EX1 EX2 EX3 WB
—A
S——
(~ —_—
B L

™M
/ A
— -
X

“ | | wB_RUN

EX2_RA EXB_RA WBE RA

(MOV R, Y (meaningR <= YD Your base design + 2 skip-muxes to support a MOV instr

IF

i

ID

(Comp Station) _

ZD

1818 [¢

EX1 EX2 EX3
—_— —A
S
— B ¥
Lr Py S
H B
A | o~ by
s-  — — )
B %
EXI_RA EX2_RA EXB_RA

o

WB_RUN

WB_RA




. Q#1 F2021 MT
MOV R, W (meaningR <= W) MOV does not need to stall at all as it can

MOV R, Y (meaningR <= Y) postpone receiving help in a later stage
(as late as EX3).

(MOV R, W (meaning R <= WD Your base design + 2 skip-muxes to support a MOV instr

IF ID EX1 EX2 EX3 WB
(Comp Statio:D ~ - - -

2 RO
H ™ RE |22 &'%B \ : | S

0

XD )
— A 2
Write S - Y,
ata in D B /, % || wB_RUN
o | WDt
IO RA EX1 RA It EX2 RA EX3 RA WB_RA
T -

(Mov R, Y (meaning R <= YD Your base design + 2 skip-muxes to support a MOV insir

IF ID EX1 EX2 EX3 WB
(Comp StatioxD ~ - - -

ZD %l A
S !
B A
B

The multiplexers in pink color are for the MOV instruction to get help

from its seniors so that it does not need to stall at all

o S _—
-
(XD _ A i/ o
Write B S 1
ata in LD “ (|WB_RUN

ID RA EX1 RA EX2 RA EX3 RA WB RA







