Design of a Pipelined 3-Element Adder
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Our focus of this discussion 1s design and

paper submission.
Verilog coding and simulation 1s not

discussed.
So }Skip Pagrs 3, G4, §, & T of iy |2~ poge documant.




(SR) <= (SZ) + (SY) + (sX) if there is no overflow.
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Initial contents of the Register File

Register id Content Register id Content

Register 00 0 0001n Register 08 8 0100n )
Register 01 1 0002n Register 09 9 0200n

Register 02 2 0004n Register 10 A 0400n

Register 03 3 0008nh Register 11 B 0800n . [—-
Register 04 4 0010h Register 12 C 1000n k?) lKQ
Register 05 5 0020n Register 13 D 2000n

Register 06 6 0040n Register 14 E FFF8h Q\(“j OTE\Q\’
Register 07 7 0080n Register 15 F FFFFn
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Add s$4, s$3, $2, s1 ;Translation: 80004321 (Hex)
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(Unlike/Like) the MIPS 5 stage pipeline. where the instructions
(have only one source register / can have two source reg-
isters). here the instructions (have only one
source register / can have two source registers). Hence it (1s /1sn’t) possible to
stall the dependent instruction in EX1 stage instead of the ID stage.
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7A | ID ZA Reg. File A —
a
INS-MEM < 7D YD LA A Q
_—\_ ZA \ )1 A | WB_RD
ID YA 5] 5 S >~
YAl —= YA YD XD, b he A
9 Y _FORW! |Z 2 2
— ID XA X_Mux
L pXA — XA XD = ] P, 0 . - B I
PC —F e T TS 3 |ra ! RA
\ Cout
NS 4 A 1 - Cout | EX1 RA EX2 RA RA| WB_RA
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1. Complete all missing connections marked in dotted lines m wm m -
Also complete the RA(Result Addreee) connection in ID stage (ID_RA). Comp Station in ID Stage ID_ZMEXI | ID_ZMEX?2 |
2. Complete all 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 P Q
is being stalled or being flushed.
ID ZA ID ZA
5. Draw the logic on a separate oage for generating - | Ii ‘ Ii
STALL, X_FORW1,Y_FORWI1,Z_FORWI1,Z_FORW2.
ID_YMEXI| ID_YMEX2|
P=Q P=Q
ID XMEXI1=ID_ XA Matched P Q P Q
= atche
. . - Py ID YA
Pinelined 3-element Adder with EX1_RA 1D —YA| - - | .
Block Diagram
LAB 7 Partl ID_XMEXI | ID_XMEX2 |
P Q P Q
ID_XA | | ID_XA | |
EX1 RA EX2 RA
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ID XMEXI EX1_XMEXI
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EX2 XMEX]
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ID_XMEXI
P=Q
P Q
ID XA |

EX1 RA

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.
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We provided an incomplete block diagram for this part on the last
page. We just removed the EX2/WB stage register (of the Part 1)
but did not fix anything else. You please remove items which are
not needed and complete the rest of this block diagram.




Though we are not doing timing design, let us apply this simple rule
regarding helping (forwarding) towards the end of the clock. The
register file 1s internally forwarding and we assume that the clock i1s
wide enough for the instruction in EX2WB stage to perform the
original EX2 operation of adding Z, checking to see if there was an
overflow, and writing into the register file and forwarding the result
data (write data) at the end of the clock to the instruction in the ID
stage.

Question 2.1 If that 1s the case, the instruction in EX2WB stage
should not have any difficulty to help the mstruction in EX1 towards
the end of the clock for the (X /Y /Z) register as the
recipient of the help does not have to perform any addition operation
on this data.
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IF ID - S,
STALL € "4 EX1 ¢ EX2WB (or for simplicity WB)
 \ _LE_N’ Z1_mux §|
-
' EN’ ‘ JEN/ i Y_Mux 1
7A | ID ZA Reg. File |
[a)
INS-MEM < 7D YO A A N
_\_ ZA B Z_FORW1 . 5 WB_RD
ID YA 3 —— 5 S ‘ > —
YAL —= YA YD XD, 3 ke, A
4 Y_FORW1 |Z b Q
— ID XA X_Mux
> XA | "2~ XA XD ) -
> “ B e
PC | 2T TN 4 |RA RA Cout
Al g TR 1 < - ot | EX1_RA EX2_RA WB_RA
| —IRD I 2 ! 2 — =
1 X_FORWL 3
. — | I o
L =L [} R-write ] SV ] QIV
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This figure is basically the same as the Fig. 1 for part 1 on page 2 except that L ID ZMEX1
the EX2/WB stage register was removed as we are merging the EX2 and WB Comp Station in ID Stage - | ID_ZMEX2 |
stages into one EX2WB stage. P=Q P=Q
You need to remove items which are not necessary and comple the rest..
You need to generate any STALL and/or FORW (forwadng) p Q P Q
signals on this page itself. ID_ZA| ID_ZA| -
ID_YMEX1 | ID_YMEX2 |
P=0Q P=Q
ID_XMEX1=ID_XA Matched P Q F Q
o _ =1D_ ID_YA
Pinelined 3-element Adder with EX1_RA oval [ AL —
Block Diagram
LAB 7 Part2 (with EX2 and WB merged) ID_XMEX] ID_XMEX2 |
P Q P Q
oxa| | DxA| |
EX1 RA EX2_RA
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