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Instruction Steering Algorithms Based on Issue Delay

NAaoYA HATTORI, 12 MASANORI TAKADA,* JUN OKABE,™
HIDETSUGU IRIE, 3 SHUICHI SAKAIT! and HIDEHIKO TANAKAGfL i

To achieve both high clock rate and high IPC of microprocessors, clustered architecture has
been proposed. In this architecture, instruction should be steered into “the cluster with min-
imum Issue Delay”. But to detect such a cluster causes too complex calculation. Therefore,
prior instruction steering algorithms use some approximations.

This paper analyzes the precision of such approximations, and finds the room for improve-
ment at concentration / distribution heuristics. To improve it, Local Distance Steering - a
more precise approximation algorithm using Instruction Distance - is proposed. The evalu-
ation by simulation shows that Local Distance Steering improves on performance 9.2% with

1959

Out-of-Order Issue architectures, 5.0% with FIFO Issue architectures.
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Fig.1 Execution-Driven Steering Architecture
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Fig.2 Dispatch-Driven Steering Architecture
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Fig. 3 Relationship between Instruction Steering and

Wakeup Delay

®%a (b=a+1) |Steer W‘S

HRb y=x+1 Steer W‘ Stall
I

S

HHDb Steer W‘S

04 000000000 Select DOOOO
Fig. 4 Relationship between Instruction Steering and

Select Delay

Wakeupd S 00 Select D0 O0O0D0O0O0D0ODOOOODO
J000o0d00obOObO0o0o0o0ooooooooboooobo
Producer 0 Consumer 0000000000000
000D00000Consumer 00000000 Wakeup
00000 DOO0O000bObOO0ODbOo0oOoOooOOooOoon
00000000000 Wakewp OOODOOODODO

0000000 Select OO

000 Wakeup OO OO Select 00000000
00000000 Select 00 (ODOA Select) 0000
000DbO0000b0bObO0o0ooDbOooooooooo
0000000000000 00O0Qg Wakeup OO0
000D00bO000O0o0bOoDobOo0ooOobooOooo
00000000000 Select DOODOODOOOO
0000 040000000000000 aO00OO
bOOOODODOODODODOODOOODOODOO
00000D00o0oOoo bO StallOODOODOOO
00000 pOOO0ODODODODOOOOODOOO
00000 a0D0OO0OD0DOOODDOO

Wakeup 000 Select 0000000

000000000000 0000Producer O
Consumer 00000000 (00A Issue) 0000
000oD0oo0DbD00mOoOooooooooooon
O0Wakeup 000 Select 00DOD0D0O0O0DOOO

3

Wakeup 000000000000 O0COCOOOOO
0000000000 OSelect 00O0OODOOOO
goboboooooooooooooobobObObobOoDo
ooooboboooooooooobooboooooooobo
000000000 Wakeup OOO0OOO Select O
OO0D0O00Select 000000 Wakeup 000000
gooboboooooooooooooobDbboDbon
0000000000 0000000000 Wakeup
OO0 Select 000000000 OOODOODDOO
ooooooooooooboobooooooooooobo
oooooooboooooooon
ooobobooobooooooooooDoooooobo
gobooooooooooOoobOO0o0oooooDboDoDon
goboboooooooooooooooboDbDbDbn
gobobooobooooooooooooobboDbDon
000000000 min(ALL) 0000
00000000000 O000 Seleect DOOO
oobooobooooooooooooooooboon
goboooooooooooooooobobDbDon
oobooooboobooooooon

3. 0 Ooono

Wakeup 000000000 DOO0DODOODO
000000000000000000000000
000000000000 10000000000
00oo0?»Y00000000000000000
000000000000000000000000
000000000000 000000000000
Consumer [0 Producer 000000000000
0 Wakeup 00D 00000000000000ODO
00000000000 (C)00000DO0ooon
Wakeup 0000000 2000000000000
0000 (= Wakeup 00O + Select 00)0000
0D0000000000000000000D000
e 000DODODO:

Select 0D O0O00ODDOOOO
e 10000DOD0:

Wakeup 00D 00000000DODOODODO

Select 0DOO0ODODOOO

Wakeup 000 0000000000 O0DDODOO
0D000D000D0O0Select 000000000000
000000000000000000000000
0000000000 Wakeup 000 000000
00000000000 Select 0000O00O0DODO
00000000000 0000000000O000
0DoooOooo



4 gooooDoooo 1959

.

REBRARS
DRHRN ?

RUEVRER
FTRSURYFRE

0 5 Dependence Based Steering 0000000
Fig.5 Dependence Based Steering Algorithm

DR

3.1 Wakeup 00000 Dependence Based
Steering
Wakeup 000000000000 OOOOOOO
0000000 5000 Dependence Based Steer-
ing00000000% 0000000 Select OO
0000000000000 000000ooo0o0o
0000000000000 000000DO000on
000 (DD OP-000000O0 : OP O Operand
Producer 000000000000 OOOOOODO
0000000000000 00000000Ooog
O Lw-00O00000d : LW O Lowest Workload
0000 Select 0000000000 OOOOOO
000000000000 00000 Select 00O
0000000000 0000000goooooo
00000000 Select 0O0ODOOOOOOOOO
oooooooo
3.2 Select 010000 Modulo Steering
Select 0000000000 DOOOOOODOOOO
0000 O0Modulo Steering 00000000% 00O
00000 Wakewp D000 DOO0ODO0OOOOOOOO
0000000000000 0000000 Select O
00000 000000000000 Round-Robin
000ooogooooo
00000 Wakewp 00DOOO0OOOOODOOOO
0000000000000 0000000 Modulo-
N Steering 0000 000 O OModulo-N Steering
0000000000000000D00000O0OQ
OO0 NOOOOOODO Round-Robin 0000000
O00000Wakeuwp 0000000 DOO0OO (O 6)0
0 O Modulo Steering 0 N=1 0000 Modulo-N
Steering 0000000000000 OOOOOO
00 Modulo Steering 0000
0000000000000 0000000000
00000000oooooooooooooooon
3.3 Out-of-Order 00000 Parcerisa 00O
Wakeup 000 Select 00000000 O00O0OO
O00OOParcerisa 00 0000000000000
000000000000O0™'Y000000000

.

apmE
NOE#H?

HAID&HH
RLYZ52%
0 6 Modulo Steering 0000000
Fig.6 Modulo Steering Algorithm

HRIOHH0
RDYSRE

|
Yes
REBRAARZ =
Tkmmas LW-752%
|
Yes
%X DCOUNT =
AEELLE 2 LW-952%

0 7 Parcerisa 00000000
Fig.7 Parcerisa’s algorithm

O Parcerisa 00000000 O000ODODOOODOT
000000000D0ODO000oooooooooo
000000 Select 000000 0DODODOOODO
OopP-0000 O00DO0OO0DDOOODODOODOO
000000000 Select 0000D0ODODOOO0O
000 LW-0O0oOOo oooooooood

00D0000000D00000000D00ODCOUNT
0000000000000DCOUNTOODODDOD
0000000000 00000000oooooo
000000000000 [boooo-1]00oooo
000000000000D0000000 10000
0000DD0ODDOD0O00000000000g DCOUNT
0000000000 00000000000O0o0o
000000oooooooooo

000000 Select 000000 O Consumer 0
Wakeup 000000000 0ODO OO Consumer [
0000000000 00000000000000
0000000 Wakewp OO ODODODOOOODOOO
Wakeup 0 0000000000000 O0O0OOOO
0000000000000 00000000000
oooo

3.4 FIFO OOODOO Palacharla 00O

Palacharla 0000 10) 00000000000
000000000000000000000000
0000000000000D0D000000 FIFO DO
0000000000000 00D0DOD0FIFODDDO
0000000000000 00D0O000ooooo
000000000000000000000000



Vol.0 No. 0

EX
EX
EX
EX
Frontend
EX
EX
EX
EX

0 8 Palacharla 00 FIFO O0OO0O0O0O0OOO0O0OOOO
Fig. 8 Palacharla’s FIFO Issue clustered architecture

Backend

N7

goboobbooooooooooooobobobDbon
o000 rFIFOOOOODOOOOOOODOCODOOO
gobobooooooooooooooooooboon
00000000 DO000 PalacharlaDO0O0O0OO0O
00 10)00000000000000DO00O0O 8
000000400 FIFOOOODODO 2-cluster 00O
gobooooboooooooooooooooboDon
gobooooooooooooooooooboobobDbb
O0000000OPalacharla 0000000000
O FlFOOOOOOOOOOO0O0O0O0Oooooooon
00000000 FIFOODOOOOODOODOOO
O0DD0000O0Wakewp 0O0O0ODODOOOOOOOO
000000000000 OSelect 0OOOOOOO
gobooooooooooboooDOo0o0ooooboDobn
goboboooooooooooobOo0ooooDboon
oobooooooooboo
(1) 0ODO FIFO (00O NW-FIFO OO0 : NW
0 No Workload 00) 0000000 :
NW-FIFO O 0O0O0OO00O00O0O DO 0O Consumer
OO0 FIFOOOOOOOOOO
(2) 0D0DDOO0DDOOO Producer O FIFO OO
oooooo :
Producer 0 OO FIFO (0O OP-FIFO OO
0)00000000000Producer 000
000 Consumer 0 OP-FIFO OO OOOO
ooo
Palacharla 000000000000 OODOOO
0200000 FIFOOOODOOO FIFOO OP-FIFOO
OO0o0O0O0OC0O0 0100000 NW-FIFOOOO
O0D0O0O0OO0ONW-FIFOODOOOOOOOOOO
OO0 FIFODOOOOOODOOOOOOOOOOO
0000000000 stalDOOOOO NW-FIFO
gobobooooooooboooooooooooboon
O00O rFIFOOOOOOCDOOODOCODOOOOOOOO
gobobooooooooooooooobobobbon
oo o90ono0Oo0O
O0000O00OSelect DOO0OO0OOOODODOOOO

-

RERRA RS
Yes URBEL 2

!
REBRARFUE €
@ Producer A% OP-FIFO
REICHD?
'
BERID&HRE Yes
RILYSRAIZ
NW-FIFO #3875 ?

HEEDNW-FIFO
(ETNIS stall )

0 9 Palacharla 000000000
Fig.9 Palacharla’s algorithm

)

OP-FIFO

ERIOHRERLC
%5 ZBDONW-FIEQ

RF EX
RF EX
RF EX

Steering

RE EX

I
I
T
I
Frontend Backend
T RE EX
I
I
T

RF EX
RF EX S
RF EX

010 O0OO0O0O0OOOoOoOooDooOg
Fig. 10 Target architecture

0000000000 Wakeup OO0 Select 000
gobobooooooooooooobobobOobDbDbn
O0D00000O0Select 00O0O0O00CDOOOO
oooooo

4. JoooooooOooboOoooooooo
go

4.1 0000O00ODOOO0ODOOODOO
oooboobooboobOoboo0oon0 O 10
OO0O000000000D00000 FrontendD OO
OO0O00OBackend 0000000 OFrontend 000
goooooboooboooooboboooooDo
000000 IQUO0OO000000000001Q
goboooooooooobobo0oooooobDboDn
oo0oooooooooooooooooboboobooooo
Backend 000000000 OOCODODOOOOO
IQ OO0 O0D000O000OOut-of-Orderd OO0OO OO
O FIFOOOO 2000000000000

4.2 J0O0O0O0ODO
oooooooooooooooboooooo 01
ob0010000000 800000000 DbLO000
ooobobooooooooOoooobobDboDbDbD
oooobobooooooooooooooooobobo



6 gooooDoooo 1959

01 00000oooogo
Table 1 Baseline simulator configuration
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