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CoreSymphony: A Cooperative Superscalar Processor
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This paper presents CoreSymphony, a cooperative superscalar processor
architecture to improve sequential performance in Chip Multi-Processors.
CoreSymphony enables some narrow-issue cores to fuse into one wide-issue
core. In this paper, we clearly show the problems to be resolved for coopera-
tive superscalar processor. Then, we propose some techniques to overcome the
problems, and define “CoreSymphony architecture” which combines the tech-
niques. Our evaluation result using SPEC2006 benchmark shows that 4-way
symphony achieves 88% higher IPC than an individual core.
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Fig. 12 Modified instruction window to detect the instructions that depend on remote instructions.
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Fig. 13 Block diagram of CoreSymphony architecture.
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Table 1 Hardware complexity of CoreSymphony.

Module function CoreSymphony | 2-way OoO | 8-way OoO
I-cache (1) fetch 2 inst/cycle 2 inst/cycle | 8 inst/cycle
Local I-cache | (1) fetch 2 inst/cycle - -
Decoder Decode 2 inst/cycle 2 inst/cycle | 8 inst/cycle
Steering Unit | Steering 2 inst/cycle - -
1) Rename(Src) 4 Read 4 Read 16 Read
LRMT 2) Rename(Dst, Local) 2 Write 2 Write 8 Write
3) Rename(Dst, Remote) RW Write - -
4) Release 2 Read 2 Read 8 Read
1) Rename(Src) 4 Read - -
GRMT 2) Rename(Dst) 1 Write - -
3) State check 3BW Read - -
1) Dispatch 2 inst/cycle 2 inst/cycle | 8 inst/cycle
. 2) Wakeup(Ltag CAM) 2 Search 2 Search 8 Search
Inst window
3) Wakeup(Gtag CAM) 3BW Search - -

2 inst/cycle

2 inst/cycle

8 inst/cycle

1) Allocate

8 entry/cycle

2 entry/cycle

8 entry/cycle

(
(2)
(3)
(4)
(1)
(2)
(3)
(1)
(2)
(3)
(4) Issue
(1)
(2)
(3)
(4)
(1)
(2)
(3)
(4)
(1)
(

ROB 2) Update exec-flag(Local) 2 Write 2 Write 8 Write
3) Update exec-flag(Remote) 6 Write — -
4) Release 8 entry/cycle |2 entry/cycle |8 entry/cycle
1) Opfetch 4 Read 4 Read 16 Read
PRF 2) Writeback(Local) 2 Write 2 Write 8 Write
3) Writeback(Remote) RW Write - -
4) Commit 2 Read - -
LRF 1 Opfetc.h 4 Rez'a‘d - -
2) Commit 8 Write - -
Allocate - 2 inst/cycle | 8 inst/cycle
ULB-LSQ (1) D%spatch(Local) 1 ?nst/cycle 1 inst/cycle | 4 inst/cycle
(2) Dispatch(Remote) 1 inst/cycle - -
Issue 1 inst/cycle 1 inst/cycle | 4 inst/cycle
D-cache (1) Load/Store 1 inst/cycle 1 inst/cycle | 4 inst/cycle

BW: Broadcast Width, RW: Remote writeback Width
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Table 2 Baseline processor configuration.

(1) Pipeline IF, ID, Steering, Rename, Sched, RF, EX, WB, Commit
(2) Pipeline width 2 for fetch, decode, issue. 8 for commit.

(3) Functional units 2 iALUO1 LD/STO 1 fpALU

(4) Instruction window 24/24 entries for INT/FP

(5) Physical register 48/48 entries for INT/FP, 18/18 entries NRP

(6) Load/Store queue 96 entries ULB-LSQ*!

LWTO 1k entries

BimodeO 6 bit GHR, 1K entries PHT

1k entries, 2-way

16 KBO 2-way0 1 cycle hit-latencyl non-blocking
8 KB, 2-way, 1 cycle hit-latency

(7) Memory disambiguation
(8) Branch prediction

(9) Branch target buffer

(10) L1 D-cache

(11) L1 I-cache (Conventional)
(12) L1 I-cache (Local)

(13) Shared L2 cache

(14) Main memory

8 KB, 4-way, 2 cycle hit-latency

2 MBUO 4-wayO 10 cycle hit-latency
100 cycle

(15) Inter core latency 1 cycle

(16) Bloadcast Width(BW) 1/1 for INT/FP

(17) Remote writeback Width(RW) | 1/1 for INT/FP
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Fig. 14 Performance evaluation: issue width versus IPC.
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Fig. 15 Performance evaluation: Cache sizes versus IPC (with fixed issue width).

L1-D$=64KB L1-D$=32KB L1-D$=16KB

Local-I§ = 32KB Local1$=16KB ~ o Localls=8KB 2
403.gcc 429.mcf  456.hmmer 462libquantum 464.h264ref  433.milc  444mamd  453.povray  470.bm  482.sphinx3  hmean
3
25 & X
5 y
£ s /-‘/! -/ ¥ g5 {m A v g/Z *
, VRIS . £ Pt -
0.5 ‘/.4*“ .//— /
0

ssue
ssue

2-issue
4-issue
8-issue
2-issue
4-issue
8-issue
2-issue
4-issue
8-issue
2-issue
4-issue
4-issue
8-issue
2-issue
4-issue
8-issue
2-issue
4-issue
8-issue
2-issue
4-issue
8-issue
2-issue
4-issue
8-issue
2-issue
4-issue
8-issue
2-issue
4-issue
8-issue

016 0O000O0O0OODOOOOCOOOOOOOOOOOOOCOOOO

Fig.16 Performance evaluation: Issue width versus IPC (with fixed cache sizes).
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