Loop Example v (1) FO

for (i=1000; i>0; i--) Sourge . x (1o0 ] — x [ B
xil = x[i] 4(§])
Loop; - FO, O(R1) . FO = array element

FO, F - add scalar
‘I-'EMMT . store result
DUrRTRTESB : decrement address pointer | ASSembly code
BNE R1, RZ,Toop ; branchif R11=R2

NOP |
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Loop Example

for (i=1000; i>0; i--)
— Source code
FO, O(R1) . FO = array element
4¢F0, F2 - add scalar -
4, 0(R1) - store result [ 5-line |
DADDUI R1,R1,#-8 : decrement address pointer ode
fyBNE R1,R2, Loop ; branchif R11=R2
NOP
Loop: FO, O(R1) . FO = array element
[v; -Oac(-w

E‘sgall if
D F4. F0 F2 - add scalar
10-cycle
schedule
.D F4, O(R1) . store result

DADDUI R‘I R1,#-8 ; decrement address pointer
stall

R1,R2, Loop ; branchif R11=R2
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Loop Example

for (i=1000; i>0; i--) C

x[i] = X[i] + s Source code

Loop: L.D FO, O(R1)
ADD.D F4,FO, F2
S.D F4, O(R1)
DADDUI R1,R1,#-8
BNE R1,R2, Loop

. FO = array element

- add scalar

- store result

. decrement address pointer
- branchif R11=R2

tall —

stall - =

BNE R1,R2, Loop
tall

SD- Fdﬁ(ﬁm e
DADDUI R1,R1,#-8

NOP
Loop: CL.D FO, O(R1) . FO = array element
stall -
DD.D F4,FO0,F2 . add scalar
stall —

. store result
- decrement address pointer

 branch if R1 1= R2

3 \\nen of
Loovle
LD-ADD-SD

Assemb'y code
\V

h-nb

10-cycle
schedule

lo-ch,Lb




Loop Unrolling

Loop: LI:.-D’"’EO, Q(R1) > x (¢ 3

/7 ADD.D F4,F0,F2 -

S.D F4 1
TD F6,}8(R1)
ADD.D F8, F6,F2
SD F8, -8(R1)

ADDD F12F10,

LS.D F12,-16(R1)

LD F1@1) \
ADDD F16F11 F2 | v xCu-}J

ADDUI R1,R1,#32 | |
BNE R1,RZ To0p

* Loop overhead: 2 instrs; Work: 12 instrs
« How long will the above scheduletake to complete?
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Scheduled and Unrolled Loop

Loop: FLD  FO,0(R1)
F6, -8(R1) o 0“1"
F10,-16(R1)
. F14, -24(R1)
ADDD F4, FO, F2
ADD.D F8, F6,F2
ADD.D F12,F10, F2
ADD.D F16,F14, F2
: FEORT—
SD  F8 -8(R1)

5 DADDUI R1,R1,#-32
SD  F12,16(R1)

5> BNE R1,R2, Loop
SD  F16,8(R1)

o >, 35 e (i




Loop Unrolling [osp 1—> N

ol | L:j )( =4

* Increases program size N

| - o lomp e - (3]
* Requires more registers -

ot gw«u Loy Z,T- ‘\""_ﬁn

* To unroll an n-iteration loop by degree k, we will need (n/k)
iterations of the larger loop, followed by (n mod k) itefations

of the original loop S
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Superscalar Pipelines

Integer pipeline FP pipeline

Loop: L.D FO,0(R1)
LD F6,-8(R1)FL -
LD  F10-16(R1\"=ADD.D F4.F0 F2

L.D F14,-24(R1) “PADD.D F8,F6,F2
L.D F18,-32(R1) | ADD.D F12,F10,F2
\ gD F4,0(R1)e ADDD F16,F14,F2

SD  F8-8(R1) ADD.D F20,F18,F2
SD  F12-16(R1)

,DADDUI R1,R1,#-40 \ 2 c A [ ler
S.D F16,16(R1) ,—-’e‘a e el Loh
BNE R1,R2,Loop 5 W\

SD F20,8(R1)

i X

* Need unroll by degree 5 to eliminate stalls

* The compiler may specify instructions that can be issued as one packet

« The compiler may specify a fixed number of instructions in each packet:
Very Large Instruction Word (VLIW 14




L INT | N
Superscalar Pipelines L——“”T‘ 1E’F’!‘ F@

1whs3 v
Integer pipeline FP pipeline ViLIW
Loop: : FO,0(R1) e
L.D F6,-8(R1) —
LD  F10-16(R1\“2ADD.D F4.F0.F2 (111213)%

L.D F14,-24(R1) “PADD.D F8,F6,F2

LD  F18,-32(R1) [ ADD.D F12,F10,F2 [15 18]
TD  F40(R1)«~ ADDD F16,F14,F2

SD  F8-8(R1)  ADD.D F20F18F2 (/I,'IJ
SD  F12-16(R1)

JDADDUI R1,R1#-40 _ |2 cumc e ey
S.D F16,16(R1) */—(:3 — |© cjc,l
BNE  R1R2Lloop
1sD F20,8(R1)

* Need un ro\flby_cleg&ee-‘frto'ahﬁnate stalls

» The compiler may specify instructions that can be issued as one packet
* The compiler may spemfy a fixed number of instructions in each packet:




Software Pipeline?! ——

DADDUI

X
e\,} R DDD___

ADDUI /

b (1) ADD.
me oo )  DADDUI

5° ()
oo

\FM$>ljﬂ} FO, O(R1)
D F4,FO,F2 | [SESEl

ADD.

. F4, 0(R1)
\Sb(ﬁ ADDUI R1,R1,#-8
R1,R2, Loop




Software Pipelining

Loop: ,,L.D D{R‘I Loop:4A S.D F4 16(R1) {
ADD.D 0,F2 ADD|D F#EQ, F2
SD F4 0(R1) i L.D @{R‘I)
ADDUI R1 R1,#-8 — DADPU| R1,R1,#-8
BNE R1, R2, Loop — BNE R‘I,RQ,toop/
S “)c [k

* Advantages: achieves nearly the same effect as loop unrolling, but
without the code expansion — an unrolled loop may have inefficiencies
at the start and end of each iteration, while a sw-pipelined loop is
almost always in steady state —a sw-pipelined loop can also be unrolled

to reduce loop overhead

* Disadvantages: does not reduce loop overhead, may require more
registers




Support for Speculation

* In general, when we re-order instructions, register renaming
can ensure we do not violate register data dependences

* However, we need hardware support
~ to ensure that an exception is raised at the correct point
~ to ensure that we do not violat?‘uemory dependences
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R\« or p— —
Support for Speculation <« & T
* In general, when we re-order instructions, register renaming
can ensure we do not violate register data dependences

« However, we need hardware support
~ to ensure that an exception is raised at the correct point
~ to ensure that we do not violate memory dependences
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Support for Speculation

* In general, when we re-order instructions, register renaming
can ensure we do not violate register data dependences

2[R\ ABC 1\
- However, we need hardware support ALAT E
~ to ensure that an exception is raised at the correct point
~ to ensure that we do not violate memory dependences
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