EECS 370
Homework #3

Problem #1 [4 points]:

a)

b)

c)

VWhat

is the average CP

(clocks per instruction) for a standard

5 stage LC- 2K4 pipeline (as discussed in |ecture) assum ng all

dat a dependenci es can be handl ed by forwarding,
instruction is a branch

50% of the

ANSVWER: 1

What woul d
75% of the

ANSVWER: 1

What woul d
95% of the

ANSVWER: 1

every fifth
and branches are predicted correctly
tinme.

+3* 1/5*% (1- 0.5 = 1.3

be the average CP
tinme?

if branches are predicted correctly

+3*% 1/5*% (1 - 0.75) = 1.15

be the average CP
time?

i f branches are predicted correctly

+3*% 1/5* (1 - 0.95) = 1.03

Probl em #2 [4 points]:

Rewite the followi ng LG 2K4 programso that it is functionally the
same (at the end of your function all the registers and data nenory

| ocations woul d be exactly the sane) but requires as few cycles as

possi ble to execute on the 5 stage LC 2K4 pipeline discussed in |ecture.
Assune all branches are predicted as not taken and forwarding takes

pl ace wherever possible. The label "offset” is at some |ocation
unknown to you. Only nodify registers and nmenory that are nodified in
the original program You must al so provide a count of how many cycles

your programrequires for execution
| oop [ w 0 2 one
[ w 0 1 t wo
| w 5 3 of f set
nand 3 3 3
S 5 3 of f set
add 5 2 5
beq 1 5 done
beq 0 0 | oop
done hal t
one il 1
t wo il 2
ANSVER
| w 5 3 of f set
[ w 0 2 one
nand 3 3 3
sSw 5 3 of f set
add 5 2 5
| w 5 3 of f set
| w 0 1 t wo
nand 3 3 3
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SW 5 3 of f set

add 5 2 5
hal t

one RERE 1

t wo RERE 2

Cycles required for execution: 15
(the original programtook 28 cycl es)

Probl em #3 [4 points]:

Suppose we use the 5 stage pipeline presented in class, with no
data hazard detection or forwarding. |Insert nops into the code

bel ow to ensure correct execution. (You are not allowed to reorder
the original instructions.) Al so calculate the run tine, in cycles,
of your LC2k4 code after inserting nops.

Assume the foll owi ng val ues before start of this code:

Reg 1 =1
Reg 2 = 1
Reg 3 =0
Reg 4 = 0
Reg 6 = 28
start add 31 3
add 3 2 3
Ilw 0 4 val ue
add 4 4 4
add 3 4 3
beq 3 6 stop
add 3 4 3
beq 3 3 start
stop add 3 3 3
hal t
val ue il 1
ANSVEER:
start add 31 3 r3 =1, 7
noop
noop
add 3 2 3 r3 =2, 8
Ilw 0 4 val ue r4 =1
noop
noop
add 4 4 4 ra =2
noop
noop
add 3 4 3 r3 = 4, 10, 16, 22, 28
noop
noop
beq 3 6 stop
add 3 4 3 r3 =6
noop
noop

beq 3 3 start
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st op add 3 3 3
hal t
val ue il 1

Run time: 107 cycles

Problem #4 [4 points]:

Consi der a pipelined LC-2 inplenented sinmilar to the lecture slides
that resolves data hazards by stalling rather than forwarding.

For the foll owi ng code fragnent, indicate which cycle each instruction
conpletes on (i.e., the nunber of the cycle in which the instruction
isinthe witeback WB stage). Assune that cycle 1 is the fetch of the
first "add" instruction. The first two instructions are already done
for you.

Conpl et es
I nstruction on cycle
add 4 5 6 5
nand 4 5 6 6
add 1 2 3 _
lw 3 4 2 L
SwW 6 3 7 L
add 4 1 2 _
nand 7 1 4 _
nand 2 3 5 .
sw 2 5 4 L
add 4 3 2 L
' w 2 2 2 -
hal t _
ANSVER:
add 4 5 6 5
nand 4 5 6 6
add 1 2 3 7
| w 3 4 2 10
SwW 6 3 7 11
add 4 1 2 13
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nand 7 1 4 14

nand 2 3 5 16
SwW 2 5 4 19
add 4 3 2 20
| w 2 2 2 23
hal t 24

Probl em #5 [4 poi nts]

The al pha version of the LC2K4 processor did not support using

i medi ate values in the main ALU as operands, Hence, the LC2K4- Al pha
had an extra stage (with its own special ALU) in the pipeline:

AC (Address Cal culation). Address calculations (a base register + an
i medi ate offset) are done in this stage. Consider the follow ng two
possi bl e pipelines for LC2K4- Al pha:

IF I D AC EX MEM VB

IF I D EX AC MEM VB

Assumi ng each pipeline has conplete data forwardi ng paths, which
perforns better for the follow ng progran? How many cycl es does
each style require for the foll ow ng progranf

add 1 2 3

Ilw 3 4 100

add 4 3 7

lw 75 75

Sw 5 7 100
ANSVEER

IF 1D AC EX MEM WB pi pel i ne:

1 2 3 4 5 6 7 8 910 11 12 13 14 15
add 1 2 3 IF ID AC EX ME VB
lw 3 4 100 IF ID AC AC EX ME VB
add 4 3 7 IF IDID AC EX EX ME WB
lw 7575 IF IF 1D AC AC AC EX ME WB
sw 5 7 100 IF IDIDID AC AC AC EX ME VB
Cycles required: 15
IF I D EX AC MEM VB pi pel i ne:
1 2 3 4 5 6 7 8 910 11 12 13 14 15
add 1 2 3 IF ID EX AC ME WB
lw 3 4 100 IF ID EX AC ME WB
add 4 37 IF ID EX EX EX AC ME B
lw 7 575 IFIDIDIDEX AC ME WB
SwW 5 7 100 IFIFIF IDEX AC AC VE VB
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Cycles required: 13
The IF I D EX AC MEM WB pi pel i ne perforns better.
Probl em #6 [4 poi nts]

(a) For the following LC-2 code running on the pipeline
presented in class, identify which dependencies are data
hazards that will be resolved via forwardi ng? Pl ease mark
the instructions to indicate which ones acquire one or nore

i nputs fromthe EX-to-EX stage bypass (e.g., pulling the

val ue out of EX/ MEM pipeline register, if so, |abel the
instruction with an "E') or the MEMto-EX stage bypass ("M)?
(For the first part of this problem there is no MEMto- MEM
stage bypass.) Also mark which instructions nust stall ("L")
even with the forwardi ng support?

add 1 2 3

add 3 1 2 E
lw 3 1 100 M
SW 3 1 100 L
add 3 2 4

lw 4 6 100

ANSVER:

add 1 2 3 -
add 3 1 2 E
lw 3 1 100 M
sSw 3 1 100 L
add 3 2 4 -
lw 4 6 100 E

(b) Conplete the problemagain, this tinme adding a MEMto- MEM
stage bypass (pernmitting a load result to be stored to nenory
in the next cycle). Indicate where an instruction receives
an operand fromthe MEMto- MEM bypass ("S").

ANSVER:
add 1 2 3 -
add 3 1 2 E
lw 3 1 100 M
sw 3 1 100 S
add 3 2 4 -
lw 4 6 100 E
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