
IPSJ SIG Technical Report

1,a) 1 2 1 1

(MRF)

1

CAM

( 1 )

( 2 ) 2

2-read 2-write MRF 8 ×2

16×6 MRF 2-read

1-write IPC 94.5% 79.8%, 72.6%

1.

1

in-flight

in-flight

4

8 4

1

Graduate School of Information Science and Technology,
The University of Tokyo

2

Graduate School of Engineering, Nagoya University
a) yamadaju@mtl.t.u-tokyo.ac.jp

RAM RAM

2

2

L1

IPC

RAM

/ L1

1

2 3 L1

1ⓒ 2014 Information Processing Society of Japan

Vol.2014-ARC-208 No.11
2014/1/23



IPSJ SIG Technical Report

Main 

Register

File

Register Cache

Write
Buffer

Register Cache

FIFO

FIFO

FIFO

FIFO

Write Squash BufferFUsFUs

Main 

Register

File

1

1

Register Cache

RC

Main Register File MRF

RC MRF

NORCS (Non-latency-Oriented

Register Cache System) IPC 2%

1/4 1/3

[1]

2

MRF

RC MRF

RC MRF

MRF

NORCS

RC MRF

MRF

MRF

[1]

RC

[2], [3] MRF

MRF

2-way 2/3

3-way 3/4

[4], [5] [6], [7]

MRF

Write Squash

Buffer WSB [8]

WSB

MRF

1 WSB

RC

WSB MRF

MRF

MRF

MRF

MRF

MRF

WSB MRF

(squash)

(squash) WSB

MRF WSB (

) (squash)

WSB

WSB 16 WSB

1-read 1-write FIFO

MRF 2-read 2-write 128

16 FIFO

NORCS MRF 2-read 2-write

2-read 1-write MRF

MRF 2-read 2-write NORCS

1-write NORCS

IPC 79.2% WSB

94.5%

2ⓒ 2014 Information Processing Society of Japan

Vol.2014-ARC-208 No.11
2014/1/23



IPSJ SIG Technical Report

WSB MRF

MRF

2-read 1-write

MRF 20.1%

MRF 1 75%

MRF 58.9%

72.6%

2

3 WSB

4 WSB

5

2.

Register Cache System RCS

RCS

RCS

RCS

2.1

RCS 1

RCS

Register Cache RC

Main Register File MRF

RC MRF

[1] 1/4

1/3

NORCS (Non-latency-Oriented

Register Cache System) RC

RC

IPC 2%

NORCS

2.3 RCS

2.2

[9]

L

Ip1 Ip2 · · ·
Ip1 Ip2

P1 P2 · · · 2

Ip1 : L(P1) = · · ·
P1 Ip1

Ip1 Ip2

2 Ic1 Ip2 L

Ic2 P2

I2

Ip2 Ip1 Ip2

Ic1 Ip1

Ip1

P1

2.3

RC

RC

MRF

2

1

1

1

RC

1

2

RC RC

RC

3ⓒ 2014 Information Processing Society of Japan

Vol.2014-ARC-208 No.11
2014/1/23



IPSJ SIG Technical Report

issue reg read exec WB commitschedulefetch dispatchIp1

WSB

rename schedule

Ip2

Ic1

Ic2

=

= L (P1)

= L (P2)

: L (P1)

: L (P2)

: 

: 

=

issue reg read exec WB commitschedulefetch dispatchrename schedule

issue reg read exec WB commitschedulefetch dispatchrename schedule

issue reg read execschedulefetch dispatchrename schedule

issue reg read exec WB commitschedulefetch dispatchrename schedule

2 WSB

2.4 MRF

RCS MRF

RC MRF

RC 90%

MRF

NORCS RCS RC

MRF MRF

RCS

MRF

2.5 MRF

RCS MRF

2.5.1

MRF

RC

[2], [3]

MRF

MRF

2-way 2/3 3-way

3/4

2.5.2

RAM [4], [5]

[6], [7]

2.6

RCS

MRF

RCS

RCS

MRF

IPC RCS

[1] 4

MRF 2

2 4

8

3.

Write Squash Buffer WSB

3.1

WSB RCS

1

WSB

RC WSB

WSB MRF

MRF MRF

4ⓒ 2014 Information Processing Society of Japan

Vol.2014-ARC-208 No.11
2014/1/23



IPSJ SIG Technical Report

2.6 RCS

MRF

WSB WSB MRF

(squash) WSB

MRF

WSB 2.2

Ip2 Ip1

P1

P1 WSB

WSB

Ip3 P2

MRF

WSB

WSB RCS

RCS

RC MRF

MRF

RC

RCS

WSB

WSB RCS

RCS

4 8

WSB

1 RAM

1

RAM 1-read/1-write

3.2 WSB

WSB

RCS RC

RC

WSB

WSB

2

MRF

CAM

( 1 )

( 2 )

MRF STALL

NORCS

1bit WSB

WSB

1 2W

INT WSB 4 8

1 0

3

SRAM

”Set/Clear

”

2

5ⓒ 2014 Information Processing Society of Japan

Vol.2014-ARC-208 No.11
2014/1/23



IPSJ SIG Technical Report

Read WL

Clear WL

Read WL

Read
Data Line

Read
Data Line

Set WL

Read WL

Write WL

Read WL

Write
Data Line

Read
Data Line

Read
Data Line

Write WL

2R 1Set 1Clear 2R 2W

3 Set/Clear ( ) SRAM( )

4

( 1 ) WSB

( 2 )

CAM

3 Set/Clear

MRF

4

WSB

1bit

1 2bit

Write
Selector

FUs

MRF

Release
Flag

Memory

#PhyReg(INT0)

#PhyReg(INT1)

#PhyReg(MEM0)

#PhyReg(MEM1)

Data(INT0)

Data(INT1)

Data(MEM0)

Data(MEM1)

Write Select

Write Enable

Write Select

Size of WSBs

64

8#PhyReg

D
e

q
u

e
u
e

8

Dequeue

5

Comparator

Release Flag(INT0)
Size(INT0)

Flag A

4
b

it
A

d
d

e
r

Release flag
Size

4
Flag(if B>A then 1)

Size

Comparator

Comparator

Release flag
Size

4

Release Flag(INT1)
Size(INT1)

Release Flag(MEM0)

Size(MEM0)

Release Flag(MEM1)
Size(MEM1)

Flag B

Flag C

<Comparator>

6

FIFO

(7bit) Data (64bit)

Data FIFO

5

5

6

6 4 (4

bit )

Flag A, B, C

”Write

Select”

0

3

• 1

– FIFO

– FIFO

6ⓒ 2014 Information Processing Society of Japan

Vol.2014-ARC-208 No.11
2014/1/23



IPSJ SIG Technical Report

• 2

–

Data FIFO

– Write Select

Data FIFO

• 3

–

FIFO

1 6

( 1 )

( 2 )

3.3 WSB

WSB

WSB WSB

WSB

WSB

2 Ip1 P1

WSB

WSB

WSB

WSB

WSB

2 [10]

7 RAM

4.

4.1

4.1.1

RAM CACTI [11]

CACTI

1bit× 128

Clear/Set 3

4.1.2 RAM

RAM

7

Y

128 RAM 8bit/4bit/4bit

3 16bit 3 AND

8bit/4bit/4bit 3

1 1

Y ×
(×2) 1

(×2)

X ×
1

1

4.1.3 CAM

CAM

7

Y RAM

Y

RAM

7ⓒ 2014 Information Processing Society of Japan

Vol.2014-ARC-208 No.11
2014/1/23



IPSJ SIG Technical Report

8 CAM

× × 2

×2 7

1

X

RAM

×
1

1

Low

4.1.4

1, 2 3

NORCS

Disable

1 RAM

Y (dec.) PreDec × PreDec 1

Y (array) × (×2)

X (array) × 1

2 CAM

Y (dec.) PreDec × PreDec 1

Y (array) × × 4

X (array) ×

3 Clear/Set RAM

set/clr read

Y (dec.) PreDec × PreDec 1

Y (array) × 0

X (array) × 1 1

4.2

4

PRF NORCS

8R4W×128

×2(INT/FP) PRF(Pipelined Register File)

PRF (100%)

4.3

5 6

WSB NORCS

MRF 2R1W 20% 2R/1W 30%

MRF 2R1W 23% 2R/1W 30%

MRF

PRF NORCS

PRF NORCS

”WB(2R2W)”

[1] 1/4 1/3

Flag, WB

CACTI

NORCS WSB

NORCS ”WB(2R2W)”

”WSB(2R2W,

2R1W, 2R/1W)”

NORCS MRF 2R1W 20%

2R/1W 30% MRF

MRF

2R1W,

2R/1W WB WSB

NORCS 8× 2

16×6

1W1R

Flag NORCS

WB 1 WSB

2

4

PRF WB WSB

MRF 8R4W 2R2W 2R2W, 2R1W, 2R/1W

RC 8R4W 8R4W

WB 4R2W× 2 1R1W×6

WB 8 × 2 16×6

int:2, fp:2, mem:2

INT/FP=128/128

8ⓒ 2014 Information Processing Society of Japan

Vol.2014-ARC-208 No.11
2014/1/23



IPSJ SIG Technical Report

NORCS MRF 2R1W 27% 2R/1W

32% MRF

5.

5.1

[12]

SPEC2006 ref.0

1G 100M

5.2

2R2W

MRF 2R2W

MRF 2R2W, 2R1W, 2R/1W

7 2R/1W

2R 1W

5

WB WB WSB

MRF 2R2W 2R2W 2R1W 2R/1W

MRF 13.0% 13.0% 6.6% 3.5%

RC 16.8% 16.8% 16.8% 16.8%

WB/WSB 1.6% 1.5% 1.5% 1.5%

Flag 0.09% 0.19% 0.19% 0.19%

31.5% 31.5% 25.1% 22.0%

(WB ) 100.0% 100.1% 79.8% 69.9%

6

WB WB WSB

MRF 2R2W 2R2W 2R1W 2R/1W

MRF 20.8% 20.5% 12.2% 11.0%

RC 14.9% 14.9% 14.2% 13.6%

WB/WSB 4.2% 2.6% 2.2% 2.1%

Flag 0.5% 0.6% 0.7% 0.7%

40.4% 38.7% 29.3% 27.4%

(WB ) 100.0% 95.6% 72.6% 67.8%

5.3

5.3.1 IPC

IPC 8

IPC 10 IPC (100%)

WB

NORCS[1]

IPC

2R1W (NORCS)

IPC 79.2%

94.5% 5.5%

2R/1W

NORCS 2R1W IPC 91.3%

2R/1W NORCS

IPC

IPC

(bzip2, leslie3d, namd, hmmer,

h264ref, tonto, astar)

9

Write/cycle IPC

3 libquantum, gamess,

dealII 3 Write/cycle

IPC

5.3.2

— WSB

—

WSB WSB

MRF

WSB

9 2R2W 1.9%

MRF 2R/1W

7

WB WSB

MRF 2R2W 2R2W, 2R1W, 2R/1W

WSB 8×2 16×6

int:2, fp:2, mem:2

INT/FP=32/32

INT/FP=128/128

MRF Latency 1

RC Latency 1

8 IPC( : WB, MRF:2W2R)

MRF
IPC

WB(NORCS) WSB

2R2W 100.0% 100.5%

2R1W 79.2% 94.5%

2R/1W - 91.3%

9ⓒ 2014 Information Processing Society of Japan

Vol.2014-ARC-208 No.11
2014/1/23



IPSJ SIG Technical Report

10 IPC( : WB)

9 Write/cycle IPC

25.9%

5.3.3 WSB

WSB WSB

WSB

WSB 2

WSB

WSB

MRF

MRF

WSB WSB

MRF

WSB

9 ( / )

MRF

2R2W 1.9%

2R1W 20.1%

2R/1W 25.9%

11 WSB WSB ( )

WSB

WSB WSB WSB

99% 11

12 INT1

13 12

” 99% ” 13

99% WSB

12 MRF

INT0, INT1, FP0 WSB

99% 16

WSB 16

WSB Full 10

16

MEM0, MEM1, FP1

10ⓒ 2014 Information Processing Society of Japan

Vol.2014-ARC-208 No.11
2014/1/23



IPSJ SIG Technical Report

12 WSB WSB ( 99%)

13 WSB (INT1)

2R/1W 16

WSB

WSB

6.

CAM

4

10 WSB Full

( / )

MRF WSB Full

2R2W 0.00%

2R1W 0.03%

2R/1W 0.13%

WSB

WSB

WSB

WSB

No. 23300013

[1] Shioya, R., Horio, K., Goshima, M. and Sakai, S.: Reg-
ister Cache System Not for Latency Reduction Purpose,
2010 43rd Annual IEEE/ACM International Sympo-
sium on Microarchitecture (MICRO), pp. 301 –312 (on-
line), DOI: 10.1109/MICRO.2010.43 (2010).

[2]

75 (2013).

[3]

(2013).

[4] Yuffe, M., Knoll, E., Mehalel, M., Shor, J. and
Kurts, T.: A fully integrated multi-CPU, GPU and
memory controller 32nm processor, 2011 IEEE Inter-
national Solid-State Circuits Conference(ISSCC). Di-
gest of Technical Papers, pp. 264 –266 (online), DOI:
10.1109/ISSCC.2011.5746311 (2011).

[5] Agarwal, A., Hsu, S., Mathew, S., Anders, M., Kaul,
H., Sheikh, F. and Krishnamurthy, R.: A 32nm 8.3GHz
64-entry x 32b variation tolerant near-threshold volt-
age register file, 2010 IEEE Symposium on VLSI Cir-
cuits (VLSIC), pp. 105 –106 (online), DOI: 10.1109/VL-
SIC.2010.5560334 (2010).

[6] Zhang, K., Bhattacharya, U., Chen, Z., Hamzaoglu,
F., Murray, D., Vallepalli, N., Wang, Y., Zheng,
B. and Bohr, M.: A 3-GHz 70MB SRAM in 65nm
CMOS technology with integrated column-based dy-
namic power supply, 2005 IEEE International Solid-
State Circuits Conference(ISSCC). Digest of Tech-
nical Papers., pp. 474 –611 Vol. 1 (online), DOI:
10.1109/ISSCC.2005.1494075 (2005).

[7] Yamaoka, M., Maeda, N., Shinozaki, Y., Shimazaki,
Y., Nii, K., Shimada, S., Yanagisawa, K. and Kawa-
hara, T.: Low-power embedded SRAM modules with
expanded margins for writing, 2005 IEEE Interna-
tional Solid-State Circuits Conference(ISSCC). Digest

11ⓒ 2014 Information Processing Society of Japan

Vol.2014-ARC-208 No.11
2014/1/23



IPSJ SIG Technical Report

of Technical Papers., pp. 480–611 Vol. 1 (online), DOI:
10.1109/ISSCC.2005.1494078 (2005).

[8]

(2013).

[9] Yeager, K.: The Mips R10000 superscalar microproces-
sor, Micro, IEEE, Vol. 16, No. 2, pp. 28–41 (online),
DOI: 10.1109/40.491460 (1996).

[10] Hyodo, K. and Iwamoto, K.: Energy-efficient pre-
execution techniques in two-step physical register deal-
location, IEICE transactions on information and sys-
tems, Vol. 92, No. 11, pp. 2186–2195 (2009).

[11] Thoziyoor, S., Ahn, J., Monchiero, M., Brockman, J. and
Jouppi, N.: A Comprehensive Memory Modeling Tool
and Its Application to the Design and Analysis of Fu-
ture Memory Hierarchies, Computer Architecture, 2008.
ISCA ’08. 35th International Symposium on, pp. 51 –62
(online), DOI: 10.1109/ISCA.2008.16 (2008).

[12]

SACSIS pp. 120–121 (2009).

12ⓒ 2014 Information Processing Society of Japan

Vol.2014-ARC-208 No.11
2014/1/23


