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for (i=0; i<N; i++) {  while (p) { while (p) {
__prefetch(a[i+8]); __prefetch(p next); __prefetch(p next next next);
__prefetch(b[i+8]); work(p data); work(p data);
sum += a[i]*b[i]; p=p next; = next;
) ) } Which one is better?
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PREFETCHh—Prefetch Data Into Caches

Opcode Instruction 64-Bit Compat/ Description
Mode Leg Mode
OF 18N PREFETCHTO m& Valid Walid Move data from m& closer 1o the
processor using TO hint.
OF18/2  PREFETCHT1 m& Valid \alid Move data from m& closer to the
processor using T1 hint,
OF18/3  PREFETCHTZ m& Walid Walid Move data from m8 closer 1o the
processor using T2 hint.
OF18/0  PREFETCHNTA m&8  Valid Valid Move data from m& closer fo the
processor using NTA hint,
Description

Fetches the line of data from memory that contains the byte specified with the source
operand to a location in the cache hierarchy specified by a locality hint:

microarchitecture .
dependent <§
specification

different instructions
for different cache
levels

TO (temporal data)—prefetch data into all levels of the cache hierarchy.
— Pentium [l processor—1st- or 2nd-level cache.
— Pentium 4 and Intel Xeon processors—2nd-level cache.

T1 (temporal data with respect to first level cache)—prefetch data into level 2
cache and higher.

— Pentium Il processor—2nd-level cache.

— Pentium 4 and Intel Xeon processors—2nd-level cache.

T2 (temporal data with respect to second level cache)—prefetch data into level 2
cache and higher.

— Pentium lll processor—2nd-level cache.
— Pentium 4 and Intel Xeon processors—2nd-level cache.

NTA (non-temporal data with respect to all cache levels)—prefetch data into non-
temporal cache structure and into a location close to the processor, minimizing
cache pollution,

— Pentium Il processor—1st-level cache

— Pentium 4 and Intel Xeon processors—2nd-level cache
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No. Pref. | Very Cons / Mid \\\//éry Ag /FDP

IPC 0.85 1.21 1.47 X 1.57 1.67
BPKI 8.56 9.34 \ 10.60
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Struct node{
HashLookup(int Key) { int Key;
int* D1_ptr;

for (node = head ; node -> Key != Key; node = node -> Next; ) ; int * D2_ptr;
if (node) return node->D1; node * Next;
} }
o \
Key D1
" D2 Key » D1
- " D2
Key | 7121 I
" D2 Key » D1
" D2
"| D2

Example from mst




Cache Line Addr

[oz:TE]

Key

D1 ptr

D2 ptr

Next

Key

D1 ptr

D2 ptr

Next

[31:20]
RS

l[31:20]

[31:20] l [31:20] l [31:20] [31:20]

—

51:201

Virtual Address Predictor

l [31:20]

—

X \
> D2 Key » D1
v > D2
Key » D1 v
* D2 Key » D1
> D2
Key » D1
* D2




HashLookup(int Key) {

}

for (node = head ;node -> Key |= Key; node = node -> Next; )

if (node) return node -> D1;

& \
" D2 Key » D1
v > D2
Key » D1 v
> D2 Key » D1
" D2
Key » D1

\ 4

D2




Cache Line Addr

®'| Key | D1 ptr|D2_ptr | Next Key | D1_ptr| D2_ptr | Next
2, | [31:20] 1[31:201 [31:20] 1[31:201 l [31:20] [31:20] 1[31:201 l[31:20]
Virtual Address Predictor
N \
Key » D1
" D2 Key » D1
v > D2
Key » D1 v
" D2 Key » D1
" D2
" D2
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(a) Original Code

register int 1;
register arc_t *arcout;
for(; 1< tnps; ){
/l loop over ‘trips” lists
if (arcout[1] 1dent != FIXED) {

first_of_sparse_list = arcout + 1;

}

arcin = (are_t *)first_of_sparse_list
—»tail—» mark;
/l traverse the list starting with
// the first node just assigned
while (arcin) {
tail = arcin—> tail;

arcin = (arc_t *)tail—» mark;

}

1++, arcout+=3;

(b) Code with Pre-Execution

register int 1;
register arc_t *arcout;
for(; 1< tnps; ){
/l loop over ‘trips” lists
if (arcout[1] 1dent != FIXED) {

first_of _sparse_list = arcout + 1;

}

/l invoke a pre-execution starting
// at END_FOR
PreExecute_StarttEND_FOR);
arcin = (arc_t *)first_of_sparse_list
—»tail—»mark;

/I traverse the list starting with
/I the first node just assigned
while (arcin) {

tail = arcin— tail;

arcin = (arc_t *)tail —» mark;
}
// terminate this pre-execution after
/I prefetching the entire list
PreExecute_Stop();
END_FOR:
/I the target address of the pre-
/! execution
14+, arcout+=3;
}
// terminate this pre-execution if we
/! have passed the end of the for-loop
PreExecute_Stop();

Figure 2. Abstract versions of an important loop nest in the
Spec2000 benchmarkmc £. Loads that incur many cache miss-

es are underlined.
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T'hread_l D = PreExecute_Start(Start_PC, Max_Insts):
Request for an idle context to start pre-execution at
Start_PC and stop when Max_{nsts mstructions have
been executed: 1T'hread_l D holds either the identity of
the pre-execution thread or -1 if there is no idle context.

This instruction has effect only if it 1s executed by the main
thread.

PreExecute_Stop(): The thread that executes this instruction
will be self terminated if it i1s a pre-execution thread: no

effect otherwise.

PreExecute_Cancel(/'hread_1D): Terminate  the  pre-
execution thread with I'hread_{ D. This instruction has
effect only if it 1s executed by the main thread.

Figure 4. Proposed instruction set extensions to support pre-
execution. (C syntax is used to improve readability.)
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Local-only prefetcher control techniques
have no mechanism to detect inter-core interference




110

+%
& 9

%

4 0: 6BB=+




R I

GochbcQuintriob goadk:pts or Global control s goal: Keep
Maxinaize deeisions made by traClﬁ/{gIn%Pdc%%%ﬁPIr
Refetdnnainerfeipranee of prefetcher-cause
60E I RRER IS rmance inter-core interference In

| shared memd% s;:s_tem

| Final
e Throttling Decision |
Pref. i — :
+ | Throttling Decision Accuracy Global
Local  — Control
COﬂtI’Ol / Local -
Core i |Throttling Decision Cache Pollution
Feedback

Shared Cache




$ . 4"

- High accuracy
- High pollution

- High bandwidth consumed
while other cores need bandwidth

Memory Controller

Einfakce

v
Local

Pref.i [ ———

Control _— |

Throttln® ®egision

High BW (i)
High BWNO (i)

v

_____________________ " Global

Thrrottleng ecision

A

S Control

 High Pol (i)

Shared Cache

m Pol. Filter i




