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Highly Efficient Approach to LSI Verification
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Abstract

Konica Minolta has developed LSI for system products
such as multifunction peripherals (MFPs) and production
printers. But while achieving high functionality and multi-
functionality of LSI means increased circuit complexity and in-
creased difficulty in LS| development, LSI development must
proceed swiftly in order to heighten product competitiveness.

One obstacle to such swift LS| development is LSI verifica-
tion, which occupies over half the total LSI development
time. To shorten the LSI verification process, we sought to
quicken our LSI verification's simulation element by adopt-
ing the ZeBu emulator, manufactured by Synopsys, Inc.
(formerly EVE Inc.). To achieve high-speed simulation most
effectively, we utilized the emulator in a transaction level
emulation mode, which offers high-speed simulation with
high adaptability. Further technologies which accelerate
simulation speed were also developed.

By analyzing the transaction level emulation mode, it was
found that communication between the emulator and the
test bench was a bottleneck to speed. To eliminate this bot-
tleneck, three high-speed technologies were introduced: 1)
optimization of transactor composition by consolidating
plural transactors, 2) memory load/store communication op-
timization using the ZeBu's “back door access” function and
binary format files, and 3) setup time optimization. This report
describes the result of evaluations in which simulation
speeds were realized 200 or more times higher than with a
regular simulator.
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Fig. 1 LSI development flow. The verification process consists of simula-
tion, result analysis, and debugging.
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Fig. 2 ZeBu architecture. The ZeBu consists of a multi-circuit board and
a multi-FPGA.
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Fig. 3 ZeBu emulation modes. The ZeBu has three emulation modes.

3.2 BHRARTAIRYF

BRAET A PRy FE2—FiE, BEENREEZ T
BAMGEHDO T A PRy FH L 2L —F—ICHHT 3
E—FTC,¥Ial—yarvdEBRgbEy, —HT, 7
ARy FEII 2L —F—ICERT I 2L —
T —BBRAHE R T A PRy FE2MET 208 H 2D,
BEEER R MEEH IS X > T T A bRy F %R D
RS L < IEARATHE &\ 9 RTED D 5,

96 KONICA MINOLTA TECHNOLOGY REPORT VOL.10 (2013)



3.3 YIal—9—¢oomAYIalL—vaY
YIial—F—tDBiHrIaL—varE—FI,
Yol —F— iR EOT A PRy F 2T S
ZEDBHKD D, 2= =12 E o TUTI) BB S
ThHb, LDLTAMRVFZIUTTE I 2L —F—
X alL—Y—[DEEA ==~y FBREVD,
YIial—vavillErEM LicEEftT 5 2 &
Kotz &) FEDH %,

3.4 MUY VILRILIZaAL—YIY

FIUH I a L R_RLITI AL —yayE—FII,
ol —yavEENEY, 2oMEEEy (Ha
ZIFIHEIGTTRE) &V IRREDD 5,

FIUHF T a v LR EIRESL L ERTT AE
BT, Xy =Y PlEHRM G EDL XV TH D 5
FLAV XD HREOEHOEFEL RV TH D,

WEOHMRIEZE LIF 5 2 & TPCL ZeBullloEiE R %
L, S 2L —yarzgmicmiifbses L
WU TH 5, FLPCETEITTELT ARV F A
TV avL R, BELRVDT ARV
F RO REEICER L5 2 EDHRTH S,

F41EZeBuw ZEMI-3 + 7 v 7 ¥ —%fEHL, b7
v 7 % —7% SystemVerilog DPI-CC, ¥ A F Ry F %
C++ ST L 72,

4 IZal—9—REBREOREL

FSUHF I a v LRI 2L — 3 VIFIEEICE
Wy 2 2L — a VOSAREEDS, ZoEEib e YT 5
BRIV RY I THET S,

A DT L2550, 32— —LTAMRVF
MO EERFNCRA T 2RES R LRy 7D 1D TH
L2 ENgprol, XoTHEALAIFINSGEDR LR YV
DMLk B vy av LT alb— 3
v DEHEAL 7 S I 21T 72,

4.1 rIUTUY—BROREL

P U —IE, BEHLRNLVOREEEE T VTS
avLNLDTA Ry FHOMREEEZIT) 7
vy 7 Chb, D2FN LTI Y —REEVB T YD
¥ oa VL GEFHANL) 2IRET S, bV a v o
JEER RN IEARIILEFRIC AT 2238, [F-—fEia
ThiuF VNEE R < ZHINEE ) X 0 TREER <2
FENEE DDy 2 2 L— a VD, 2HUE b 5
VI avOIHEETS T2 aL—% =Mk T
L ==~y R, 2Pl T5 LKL TH S,

EoTHRAZERDO N5 v 27 7 —DEHMICE>TE
ZUvYF s avplEEERT S EE DI, DUTICEZ %
it 7 — %% ZeBu @ Back Door Access #&RE% i>Ti
WA T 2N EH L LT 7 v 7y — Rtz
fi>7 (Fig.4),

export “DPI-C” task transactor ;

| task transactor ;
apb_write (addr_mem[0], data_mem][0]) ;
apb_write (addr_mem[1], data_mem][1]) ;
apb_write (addr_mem[2], data_mem][2]) ;

| endtask
Work ZeBu
ork station [ .
(PC) | Transactor HDUT (circuit) ‘
Preloading data Data

=== Memoy _|

Fig. 4 Transactor optimization. The transactor was optimized by con-

solidation of transactors and use of the ZeBu's “back door access”
function for high-speed transactor of image data.
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Fig. 5 Memory load/store optimization. Memory load/store was opti-
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mized by using the ZeBu's “back door access” function and binary
format files.
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Fig. 6 Setup optimization. Setup time was optimized by changing test
bench composition so that multiple simulations could be per-
formed in one setup.
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Fig. 7 Evaluation environment.
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Fig. 8 Result of evaluation. Speed improved over 200 times as a result of
our three optimizations.
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Fig. 9 Verification methodology environment.
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Fig. 10 Assertion-based verification.
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