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Compiler techniques and ILP.

Advanced branch prediction techniques.
Introduction to dynamic scheduling.
Speculation.

Multiple issue techniques.

Limits of ILP.

Thread Level Parallelism.
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A EET Taking advantage of ILP BFE W

- ILP directly applicable to basic blocks.
O Basic block: Sequence of instructions without branching.

O Typical MIPS program — Average basic block size 3 to
6.

I Low ILP exploitation within block.
O Need to exploit ILP across basic blocks.

-~ Loop level parallelism.

for (i=0;i<1000;i++) { - Can be transformed to ILP.
x[i] = x[i] + y[il; 7 By compiler or hardware.
} © Alternative:

7 Vector instructions.
7 SIMD instructions in processor.
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~ Parallelism exploitation.
O Interleave execution of non related instructions.
o Fill with instruction stalls.

O Do not alter effects of original program.

 Compiler can use detailed knowledge or
architecture.
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for.(i=99.9;i>=0;i--) { Each iteration body is
x[i] = x[i] +s; independent

}

- Instructions latencies.

Instruction producing Instruction producing Latency (clock cycles)
the result the result

FP ALU operation Another FP ALU operation 3
FP ALU operation Store double 2
Load double FP ALU operation 1
Load double Store double o)
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7 R1: Last element of array
© F2: Scalar s.
7 R2: Precomputed to make 8(R2) the first element in

array.
Loop: L.D FO, O(R1) ; FO < x([i]
ADD.D F4, FO, F2 'F4A < FO + s
S.D F4, O(R1) : X[i] + F4
DADDUI R1, R1, #-8 ;-
BNE R1, R2, Loop ; Branchif R1!=R2
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Loop: L.D FO, O(R1) ; FO « x([i]

stall

ADD.D F4, FO, F2 'F4 <~ FO + s

stall

stall

S.D F4, O(R1) » X[i] < F4

DADDUI R1, R1, #-8 s i--

stall \(

BNE R1, R2, Loop ; Branchif R1!=R2
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Loop: L.D FO, O(R1) Loop: L.D FO, O(R1)
stall DADDUI R1, R1, #-8

ﬁtzltlm F4, FO, F2 /l Y F4. FO. F2
stall stall
S.D F4, O(R1) / stall

DADDUI R1, R1, #-8 /] S.D F4, 8(R1)

kel BNE R1, R2, Loop
BNE  R1,R2, Loop

/ ciclos por
iteracion

Q cycles per
iteration
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1 ldea:
O Replicate loop body several times.
O Adjust loop termination code.

O Use distinct registers for each replica to reduce
dependencies.

- Effect:

O Increase basic block length.

0 Increase available ILP.
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L.D
stall
ADD.D
stall
stall
S.D
L.D
stall
ADD.D
stall
stall
S.D
L.D
stall
ADD.D
stall
stall

FO, O(R1)
F4, FO, F2
F4, O(R1)
F6, -8(R1)
FS, F6, F2
FS, -8(R1)
F10, -16(R1)

F12, F10, F2

-16(R1)
L.D -
stall
ADD.D
stall
stall
S.D -
DADDUI -
stall
BNE
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