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Distributed Speculative Memory Forwarding
for Clustered Superscalar Processors

HIDETSUGU IRIE,"® NAOYA HATTORI, 22 MASANORI TAKADA,*
SHUICHI SAKAI'" and HIDEHIKO TANAKAT®.000

Clustered microarchitecture aims at coexistence of wider execution width and higher clock
rate by distributing execution core to clusters. While research of various techniques on the
clustered microarchitecture is performed, it is pointed out that memory instructions are hard
to distribute and become a bottleneck. In this paper, memory instructions processing of a
clustered superscalar processor are focused and the technique that conceals memory reference
overhead by using dependence prediction is proposed.
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Table 1 Baseline parameters.
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components of 64 entry 1Q, 256 physical registers

each cluster execute 1 instruction/cycle

fetch/retire width up to 16 insts/cycle
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branch predictor gshare predictor
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memory disambiguation|16 k entry wait table,
100k cycle refresh interval

D-cache 64 kB, 2-waySA,

8 cycle hit latency
64 byte lines
3read ports

1read/write port

total pipeline depth 16 stages

frontend latency 11 cycles
issue to issue latency 1cycle
execute (int) 1cycle
execute (int MULT) 15 cycles
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Table 2 Predictor parameters.
oooooooooo 128
oooooooooo 4k
45%
o
'T 354 F————————————————k == S—e—
30%
o
= 25% P
/
20% /
~N 15% / - -k - predicted H
% 10x o —+—forwarded ||
ﬁ s orwarded ||
0% '
< < z z z z <
€ € t t t t €
o o o o o o o
— ~N < =] ©o o <
-— ™ ©

128 entry

014 0OO0OO0OODOOOOOOOOOOOOOOOOODO
Fig.14 Forwarding coverage versus local forwad buffer

size.

00 13(h)0000000Do00oooooooooo
goooobooooooooooooooooooon
goooooooooboboooooooboooooon
goboooooooooooooooocoooooo
goooooooooooooboooOooooooo
goooooooooooooooboooonoooon
ooboooobooooboooooboooooo

5. 0J0OOoOoOooo

joboobooooobooobooooooono
gobobboooooobooooooooooobobooan
gooooooooooooooooboooooon
oooooooooboooooooooooooo
goobo2000000000ocobooooooon
oooooooooooooooboooboooooo
gooooboooooooooocoooooo1oo0o0
ooooooooooooooooobooooooon
goooooboobobooboooboobioooobooon
gooobooboooooooooboooooooooo
goboooooooobooooooobbOOon

5.1 OOOO0OO0O000
gobooobooobooooooooooooo
goooooooooooooobooobooooooo
gooooooooooooooboooooooooo
gboooooboobooocoooobOoooooanon
goooooooooooooobooooonoooo
ooboto4ooooooboooobooooooon
goooobooooooooooooobooooono
goobooooboooooobobooboon

ooooooooooboooooooooooOoboboooooooo 101

~ 0.40%
& 0.35%
|

g 0:30%
2 0.25%
ﬁ 0.20% —
S 0.15%
H 010y [
w

| 0.05%

& 0.00% .
N

1 entry
2 entry
4 entry
8 entry
16 entry
32 entry
64 entry

u

128 entry

015 LFBOOODOOOOOOOOOO
Fig.15 Miss forwarded ratio versus local forward buffer

size.

ooooooooooo3s%uoooooooooo
gbooooooooobooboooooboooooobooo
gobooooobooooboobooooooooooobooo
gooobooooooooooooooooooDobo
gooooboooooobooobooooooboood
gboboooooooooooobooooooooa
gobooooooooooboooooooooooa
goboooooooobooooooooooboooo
gboboooooooooobooboOooooooboooo
gooooooooooooocoooooooboooo
goboooooooooobooocboOooooooboo
gobooOooooooooooooooooobooo
goboooooooooobooooooooboobooo
gooooooooboobooooooooboobooooo
gobooooooooobooooboooooooon
gboboooodooboobodoboooooboooog
gdtooooooooooooooboos200000
g0oo00b0e40000D00O0O0O0O0OOOOOOO
O0Di1000000000o0oooooooboobooboon
g4000008000000000O0COODOOCO
gobooooooooobooooooooooboooo
gooooooooooobooooooooboooo
gooooooooooooobobooooooboooo
gooooooooooooobooooooboooo
gbobooooooooboooooooooooooa
gooooooooooooooisgoooooa
gobobooooouooobooooooobooooo
gbobooOoooooooooobooocooooobooo
oooooooo o03s%uo0oooo

5.2 O0O0OOOO

0160 LFBOOOO IPCOOOOODOOIPCODO
gooooooooooooooooooobobooo
gooooooooooooooooIpcooooo



102 gooooooooooooooooboooooo

SIS

1%t IPC(/baseline)
o o o 9o
o N = (=] [e=] -—
\
\
\
\
\
[

1 entry
2 entry

4 entry

8 entry
16 entry
32 entry
64 entry
128 entry

016 LFBOOOOOOOOOOO
Fig. 16 Effect of forwarding versus local forward buffer

size.

16 —— S EIREAT) |
15 ~— TAT—T42Y ||
. T - R—R5Y
14 \ i
13 ==
g 12 \-\_ \
11 '\-\‘.\.\
1
o a—
0.9
08 . . . . . . .
1 2 3 4 5 6 7 8
DISREE

017 D100O00D0O0O0O0OOOOOOOOOOO
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