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* Heterogeneous SMT processor
— For Small chip area and low power consumption

— VLIW-based processor for execution of
multimedia instruction set

— Traditional instructions decomposed and
translated into internal instructions

Traditional e Decomposition
Instructions front-end and
Translation
Multimedia :> Multimedia Common
Instructions front-end back-end
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Decomposition of ARM instructions
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ALU (+ Shift)

Multiply

Load/Store

Load/Store Multiple

Branch (+ Link)

ALU (w/ shift)
MULT (32*32+32 -> 32bit)

Immediate
cond. |S| Reg(dst) | Regisrcl) STi(imm./ree]  Rea(sro)
sre2
cond. |S| Reg(dst) |Reg(dst/src) | Reglsre) Regisre)
cond Regidst) Reg(base) Immediate
) = ST Sf(immu/reg.)  Regisic)
offset

addr=base+offset, (base++) + offset, (++base) + offset

ULT (32*32+64 -> 64bit)
MULT (Signed32*32 -> 64bit)

LD/ST (w/ shift base-reg upd)
LD/ST (base-reg upd,w/ shift)
Multiple-LD/ST

Branch

cond. | Reg(base) Register List (16bit)
cond. PC Offset
Internal # of Insn.
SE 2
[Mm] *4 8
[Mm] *8 m 17
mm[Mm] *8 E m*3 22
LSa 3
SaL 3
aalaL]*N a 2*N+3
B 1

WyNAIST.

20080401

3



Superscalar execution of internal instruction

Well Known Super
Scalar Processor

Another Structure

Our Approach
Schedules Internal
Instructions into
Empty Slots in

VLIW
25
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1.

VLIW instruction queue

ARM |
front-end l \ l l

> | ALU

.| ALU

FR-V = | ALU
front-end BRANCH
|| LD/ST

FR-V instructions queued and shifted
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1.

VLIW instruction queue

ARM |
front-end
| ALU
.| ALU
front-end BRANCH
|| LD/ST
FR-V instructions queued and shifted
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1.

VLIW instruction queue

ARM

front-end ||
| |

ALU

.| ALU

FR-V D | ALU
front-end .| BRANCH
|| LD/ST

FR-V instructions queued and shifted
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/N VLIW instruction queue 8
¥ naisT &
ARM
front-end
ALU
ALU
front-end BRANCH
LD/ST
1. FR-Vinstructions queued and shifted

2. ARM instructions inserted to empty slot

11
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1.

VLIW Iinstruction

queue

ARM
front-end
ALU
ALU
front-end BRANCH
LD/ST
FR-V instructions queued and shifted

2. ARM instructions inserted to empty slot
3. ARM and FR-V instructions shifted toward right

30
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/N VLIW instruction queue
¥ naisT &
ARM
front-end
ALU
ALU
front-end b BRANCH
(j LD/ST
FR-V instructions queued and shifted

ARM Instructions Inserted to empty slot
ARM and FR-V instructions shifted toward right

ARM and FR-V instructions issued from
right most column

el e
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Problem

ARM
front-end

FR-V
front-end

O

Non-priority load instruction

BRANCH

Issued
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Problem
ARM

front-end

ALU

ALU
front-end (j BRANCH

LD/ST
y4 AN
Data dependency Cache miss!

Non-priority load instruction issued

|1 cache miss occurs and subsequent instruction

nas data dependency
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¥ naisT &
ARM Flush
front-end
ALU
ALU
FR-V ALU
front-end ®) BRAN
Q Tog Request to L2
L2

1. When cache miss occurs, non-priority instructions
are flushed, but request to L2 cache is enabled

18
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/N Selective flush mechanism 14
% naisT o
ARM I
front-end
ALU
ALU
FR-V LU
front-end RANCH
LD/ST

L2O

1. When a cache miss occurs, non-priority instructions
are flushed, but a request to L2 cache Is enabled

— Priority Instructions can be executed

19
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Simultaneous Execution of ARM and VLIW

Branch Prediction  Tnstruction Decomposition Q00 of InstrPort Scheduler VLIW Quene Dependable ALUs Host Interface for Executing
Cache-miss Prediction EEC¢RHQ Conditional-Execution Rmmng Select + Register-Read

ARMY 4
GCC
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| LUMP

A1S

TRIW=RAM

OROCHI

N pp— k- wmTRS

RETAS

FRYS30
GCC

SuperScalar

E

F1%

TRI1IW-—RAM

Branch Prediction

RETAS

Simple Decoder

AN

scHED""
RETI|RE—»

Complex Applications

=
[

TRIW=RAM

Unaligned Quad-word Load
Mon-Blocking Cache + STEF

VLIW Partial Tssue
1R 1W Registers
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Development with only 5 students and 2 years
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Development with only 5 students and 2 years
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Development with only 5 students and 2 years 18
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* Implementation of OROCHI with 0.25um rule

— Chip area: 1.2 million gates Comparison
« /6% multi-core processor Traditional
] front-end |
— Power consumption: 0.7\W Vultimedia|back-end
0 . front-end
* /9% multi-core processor
OROCH]I

— Clock frequency: 98.7 MHz

* 99% multi-core processor Traditional core
(e.g. Super Scalar)

Multimedia core
(e.g. VLIW)

Multi-core

22
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Improvement of performance

20080401

21

e Selective flush mechanism

— effective for program with high frequency of

cache misses
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* Energy delay product (EDP)
— EDP = energy x delay

X14.0
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