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Examination of block arrangement problem
on 3D integrated microprocessor
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By progress of 3D integrated technology with Through - Silicon - Via (TSV),
processor which exploits z-axis becomes practical. It is expected that pro-
cessor performance improves with increase of available hardware resource and
reduction of wiring length. Meanwhile, the studies of 3D processors integra-
tion, designing methods for them, and the efficiency are just beginning. In this
paper, discussion of block-level for 3D integrated processor is studied by the
execution result of processor pipeline simulator, preliminarily. Power consump-
tion of each block and wiring between blocks is estimated, and a 3D integrated
processor core design is generated by an optimizing method for allocating blocks
in the processor in manner of minimizing the estimated power consumption. It
is shown that the estimated communication cost of blocks in the block-level
optimized 3D integrated processor is about half as much as the cost of 2D in-
tegrated processor core. It is also found that the optimization of allocation at
the block-level is practical.

Vol.2011-ARC-195 No.10
Vol.2011-0S-117 No.10
2011/4/13

1. U ®IC

EEFEM (TSV:Through - Silicon - Via) % Ff U 72284k 3 ZouhifEEeioitHic kv,
7ut/%%%0®3¢mmbﬁﬁ%%wfw .%%@74¥m/74/7 k3=
FHFA Ny = EHAREEBEMRIC X % 2 i R0MEE1E, WO 7Y A X TOREE
%%ﬁﬁ%f%b,itﬁ%%@%f%5&@@%&%@»47/V%kMK@$mgﬁ
BZIENTES, ZOIEDS, 3RLIHEMC LT LA 7 AV—0EE T3, i
X, 3ZOUEHOHIE LT, vy HIcKEBAT Y 2HET 27 70 —F 2783 1T
w%l

FOCTEHA ORI A, WA Sy 7r =P NN 2 5 2 LT TIE% <, 3RI0HA
@%ﬁ@%@mtf,7uv7ﬁ%ib%@@oﬁﬁﬁﬁ%@ﬁﬁé:kﬁf%éﬁn%
22, FakyHaricld, F—FRAENLNRALDH I HEERL L DT 7k ADMERT
BLYAY 7 7ANGE, BMPERT S 70y 7 BEBIFET 50, #Ylk 3 Kook
BUEASS 72 & THAE - B EORSIEEED A, B L WETERMIC X 2 3 XotbasE D
EIRMEEDLESTHLEVIRBELDIE, Ty 7 —FF 7 Mo TAHHBRDOT—F
F I F e D B FCEB LR NRTH B,

L2 L, k7 3 ROUFEEOKGIEMIZIAL, Ty a7z En k) Iic 3 KTkl
FTIUT LD EVIHFEICIZERE T - EZ D0\, 2 I TRMITIE, 7uy 7LX)L
DO 3 RIhLiEZ MR L, WAL D 2179, A 7794 v oL —FE2H0T#
7uy 7HoBEREEZFHIL, 7vy 7 MEEAs 2@ ERE & BlEEE o/ L L-Or
g3, zolc, ZoEEAMERMET 2 X ICRERZNEZEY T A raikickd
fRx, 3¢E7Dk/ﬁ@?uﬁnéﬁﬁk%@ﬂ%%ﬁﬂTé

DI, RESCIEFRD & H BRI N5, o 2 ECITEEEMIC X 2 3 ZoukEHdiic
WTHR 2, FIETIR 37wty ¥ a7 oaREE BN, KisCic 153¢mm
BOMNTFILELZIBRS, FHAETEEELAZRLMED ) 713 LD THHl 2R %
05 ETER AT A=Y EORE LR, 6 HTHEREZ T T, H 7 Em Bz ow
THEMML, HBHETELDOEITI.

2. 3D AV REDHE
AEY a7 2EREmE YA 2 EET 2 HCESED 3 REESERTES k9

11 BEGHE R ARABEEH S 2 T AR
Graduate School of Information Systems

(© 2011 Information Processing Society of Japan



g vuns eyt ey
IPS] SIG Technical Report

2757z, EREEMR & AEEARIRZ B L BT 2 D TH D, TSV(Through Silicon
Via) & HMEIEN 2, HATIE, 1998 WD &SI N TE VITERALIEH I TW
LEMTTH 2D, EEDF v 72 TAX Ry T4 v I CERT 2RO FIEIC AR T, Fi
P2 T 2 720, mdid, AEMb, DA Eolfici B RIAD 5, BlIEFEA
LIS TR SN TR 2 ENEEMOER K OE S 1E, 10nm FEEK O 10pm FBETH H |
% pm -200 pm [FFECERAIHE 2, A CIREEBEMZFH L CRERA Y ZRBALH
ENH Y, BASV IZE 2 LHERD 7Ly FIT 5RTP T I —3 a3 v OREDE
WIZIRC TR E3H 2 Z EBHS I NT WV D

3. ZAEyHIaF70=RTIL7OAT7 TSV

3%%%@7D&vﬁfiﬁ®ﬁi#%%éhfw5ﬁ ZD—)T 3 Ryl ;of
BBt 3% < 72 D BERRIC X 2 BB W THIRILT 2 £vw) EiRb H 2, mm%
i%X%U®N77%3AEMLtﬁn%Bh&%”;i57ﬂk/ﬁ37%3AEmL
T TIRMBEE N OET LA LS s nTws, La L, Lok, Black 507ty
Har7D3XRTGDWETIX, EDLkHe7uT7 770 E2FEIL, EnkHrkrvur s v
ExolhOF IR I N TV, £, ZORGHOHL IBEHINTHS

Z TG E LT, BHEIRRICL D 7ay 7 LT 3 XOtRIEE Ko, 3 RKIL7
Oy D777 VBEDLIICHEDERND, o, 3KIULOMEEFHLL., 3
Ko7y FIHL 7 —F T 7 F v Digma 7). K1 IKZoMEZRT, €Y a—
MOWEEOEANEH L, 71y ZHEROE S L HHBEORH 285 fn & LCrply
%, ¥ alL—¥THFETr SROBERBUCIA FOREL TEBWEBFED 7y 754
REHOTHED 5, Y 2 — VHEOMBFEOEAICER L, 70y ZHIHORE S LR
BoBMz@Ean s Litls 2, 7ay 7 BESOMEHEEIZ 4 794 vy 2 aL—
Fick bRz, ey T AL akick DEFAMMNS A2 3007 vy VEEE
ka3,

4. RRULIEETIL

4.1 Z7OEYYEFI

out-of-order DA —,8—2 7 5 7 0% v ¥ TdhH5 Alpha 21264Y 2LE I 7 uty ¥ E
FTUERELISDERK2ITRT, £70y 7OKREZE, ¥4 YA X&2HEKRD 180nm 2>
SHITE7 1 £ 2D 28nm ICHIE % 7% 20mm X 20mm % 28/180 £% L 725G D Hih» & 3k
D, 7Ry PF LI T—FFryaD) -LIfa¥ryra(ll) L2 ¥ vy a(l2)-
LY 2% (REG) - #iF# (ALU)» 7=y F v (F)- 72— (D) V+—< (R)+ A7 ¥ a2—

Vol.2011-ARC-195 No.10
Vol.2011-0S-117 No.10
2011/4/13

sEal—aRiTOY
JousE
i {3 [E) 8
I

ELTHALOTILG) X L
BEFETOwuY >
FousvaX %:
R &
STEM & * FIMEN
B30T 0y o R

1 Ml Tk ol

Fig.1 Outline of evaluation approach
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Fig.2 Processor model
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WHILE(stop_condition)

all_modules := all_modules

FOR modules IN divide_layers(all_modules)
pattern := random_sequence_pair(modules)
decode_sequence_pair!(all_modules, pattern)
END

value := evaluation_function(all_modules)
IF (value < saved_value) THEN
saved_value := value
saved_pattern := all_modules

END

END
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Table 1 Microarchitectural Parameters for Baseline Processor

e v b Alpha ISA
AePAEY 4way, Tcycle

mET4 Yy i64 entry, f32 entry

LSQ 32entry

PR = > 2 iALU, 1 iMUL/DIV, 2 LD/ST, 1 fpADD, 1 f{pMUL/DIV/SQRT
L1 ICache 32KB, LRU, 8way, 64B line, lcycle latency

L1 DCache 32KB, LRU, 8way, 64B line, lcycle latency

L2 I/DCache 256KB, LRU, 16way, 64B line,
20cycle latency

memory access 200cycle + arbitration latency
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