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Overview
➣ HCgorilla
✓Ubiquitous computing
✓Special architecture

➣ Architectural points➣ Architectural points
✓H/S co-design
✓Parallelism: multicore & multiple pipeline✓Parallelism: multicore & multiple pipeline
✓Popularity: Java compatible media pipes
✓Security: cipher pipes for streaming✓Security: cipher pipes for streaming

➣ Chip design & implementation
✓Power conscious wave-pipelining
✓Test simplification design scheme
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✓0.18μm CMOS standard cell
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Versions of HCgorilla architecture and chip
HCgorilla.2HCgorilla.1 HCgorilla.3

2
61

2Cipher
16Java compatibleArchitecture ISA

Name

No.
SIMDSISDMode

Cipher

Micro

Instruction cache
Register file

2×16bits×16data 2×16bits×8data 2×16bits×32data
16bits×64data16bits×16data16bits×32dataMicro-

architecture 64byteData cache 256byte64byte
75kNo. of gates
255kNo. of transistors

94k
228k

702K
1.7M

HITACH 0.18μmROHM 0.35μmProcess
HCgorilla018HCgorilla035Name HCgorilla018v3

4.9mm squareSize 2.8mm square
ROHM 0.18μm
4.9mm×7.9mm

Core utilization 0.800.63 0.56

Chip
Die photo

1.8
400150Clock (MHz)

3.3Voltage (V)
330

p
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Main memoryMain memory
Executable codesExecutable codes Executable codesExecutable codes

I t ti hI t ti h I t ti hI t ti h
HCgorilla.3HCgorilla.3

Plaintext/Plaintext/

Instruction cache Instruction cache 
fetchfetch

OpcodeOpcode OpcodeOpcode

Instruction cache Instruction cache 
fetchfetchInstruction Instruction 

cachecache
Instruction Instruction 

cachecache

ciphertextciphertext
Core 1

pp

Decode & operandDecode & operand Core 2

pp

Decode & operandDecode & operand
StackStack R dR d StackStack R dR dStack Stack 
accessaccess

L
IW

RandomRandom
no. gene.no. gene.
Register Register 

Stack Stack 
accessaccess

L
IW

RandomRandom
no. gene.no. gene.
Register Register Random/

serial addressExecuteExecuteL filefile
accessaccess

ExecuteExecute L

filefile
accessaccess

serial address

Plaintext/
ciphertext

Register Register 
filefile

Data CacheData Cache

Data cache accessData cache access Data cache accessData cache access
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Cipher/plaintextCipher/plaintext
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Test bench X
Core 2

a+b c-d Address
rsw

di i Ci h

E2 89 7D DF 
89 85 E2 8A 
78 E4 8A 7B 
E3 8C 7F E421⅓ i lMedia pipes Cipher 

pipe 87 7E DF 82 
6C DF 87 78 
DD 86 6C DE 
8A 79

E3 8C 7F E4

…

21⅓ pixels

S k8A 79
DF 7F 6C DE
DD 86 DF 82
87 78 8A 7B
87 7E E2 8A

Cipher 

Stack Stack

87 7E E2 8A
8A 79 6C DF
E3 8C 78 E4
E2 89 7F E4
7D DF … w∪x y∩z

pipe Media pipes

rlw

Core 1

7D DF

Register file
…

16bits×64data

y
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HCgorilla.3
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HCgorilla018v3 simulation by the test bench X
Core 1
Core 2

SA EX
SA EX

DA
DA WB

IF
IF

O
O

D
D

Ti (×10 )4th l k 7th l k

HCgorilla018v3

CLK
Time (×10ns)

RF content
RNG out

RF address

4th clock 7th clock

In data

add

RF content

C
or

e1 Top
2nd topPush topStack

Pop up

Top

rsw

sub
Top
2nd topPush topStack

Pop up

Address 
Content

Core1’s data
cache/core2’s
register file

or

andor
e2

Top
2nd topPush topStack

Pop up

Top
2nd topStack

Pop up

register file rlw

In address core1
I dd 2

andC
o

Address 
Content

Data
cache

2 top
Push top

Stack
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In address core2
Out data core1
Out data core2
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1 0
Power dissipation of HCgorilla018v3 chip

150

100 IF

(m
W

) 100
O
D

EX/RFA

Po
w

er
 

50

SA/RNG
DA

EX/RFA

WB

0
Z : SIMD modeY : SIMD modeX : Java SIMD encryption

WB
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Z : SIMD mode 
encryption

Y : SIMD mode 
decryption

X : Java, SIMD encryption, 
and decryption 
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