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B2 PRI HEEEEB DR > A EF uw P Cldle &

BG) WT2mem > it 287 ABHBUAFHad it FIUeEL 24 Y
Jeih BLAE PR Y F AL AR hF R At B PEY
k3t~ €8 B » Cache Storage * > 4| * overlapping execution 377 »

F g st x ¥ g Cache Storage 28 v 12 %% { % cycle -

(6) WT2MemComplt- €_% 7 @ :# % 8 e B4 Request ¢ SR 2 #7101 F 1w
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3] Cldle stage £ < * — =t e17 Request -

4.2.2 The Detail Design of Write back Policy

Cache write or read .
Cldle Analysis

Cache_hit(R,W)

Cache miss
&
cacheMB_dirty

}dwod WA

(my)ssiwayoe)

WB_counter = 8

WbMemComplt

[

RdMemComplt

%mMem

Figure 25. Write Back Policy

Mem_complt
Transfer_counter =8 - B

244 2 Write Through 7 ¢ % = 88 v Flie it ® v @ 24 S48 4
11 Cache Block £.Dirty 4 ¢ & v F[zeRf @ - #H3 efRMaTE % 1 1 Fpt ¥ 1y
Foray s A RRIT VR4S BT RAW T €A - BRI

fa it o 84 5 B3 Write Through £ r et fi e 7 § Gt e b LR & £ €37

PR g /D AR RAK A B HFSM § R F R E B FSM
PR > OR-R B ITB e 5 AP FIRG R EAHFNF AT IS - 4
~G GV UEEBFSM$@E fE oSG T B AR (52 F0E

Al A pilg e 3 B FSM £ dp o

(1) WB2mem » § T 5k fE 1% & gt =t ey B Eomiss A g & 2 e RilE T

51:& Cache Storage # - 4 JL* Index #74p T'| <51 Cache Storage & €% 57>
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@ ¥ Victim Block ~ i.*‘u{lﬁ # % $% e Block s ¢t pFE_Dirty » % & gt @ frse
B PE T - R FI P L R SEER T FeREY o BBl
- KRR o fgts € & 2 RO LA £ Master Burst Write

G E o F PR 0 LRI aF RS I B word s F
AP - BEHEEIFELAIAEFR S %s‘éﬁ*&g ECAPAEA

WbMemComplt 7 i

(2) WbMemComplt » gt A& 35 & £ B ~ B word T4l 3 zefpfg?  Gx 4

pF ¢ i2 » 7 RdFromMem -

(3) RdFromMem >t fi i % #-€ e fatlids Tpd k> APy 5
* overlapping execution $37 » % - FF R F AL 0 - 2 5 e M R
TPl 2 TR SR B Word F B2 r BB e
Woe gds o~ B WordiE =04 % & 2 enCache Storage + 45 FALL TR &

FOAE N - AR o

=\

Fl & N eIt BAE S 0 Flpt £ Write Back Fe BFERE S S At

B P T AE SR i B L AP RISC core § 4 HFre R Al (FE BT B0t o
AR AIMAEHEELIAIP Y F A PR R R R T e E A

F o3 PEIPRF B A 44 RISC core 4% LB fosk Tk - RIS o

- AL EE T AP AP AN - Biaoa T g mn 73 ¢ & Cache Storage
’ LE"R,T" T %% JAIP core & 3§ k| k| RISC core & g #L ﬁ*““‘ PSR A

j\ﬂ}ﬂdg fT— %% ende (7> 4 & K F]E A # * Burst Mode = =x ~ i word >
BACL G (T A ans > @ 2t A Bword P e @*Frswg?#u% * ot > FpL

§ F ERISC TR » 0t prdh 1] JAIP & 1 {7 p o3 § 12 & T4 & Lo Cache Storage

CRERETRN R R o EERL AR L ERE AT

@“%WWdﬂgéﬁﬁﬁ°$:$§R5Cwm%$ﬁ§%ﬁ’§§£W%gﬁ
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RISC core fr JAIP core #7¢ FIchfidd s & - e pizAp s s = 2 ki i
Hies gl s > R F LA R G A g i 4 ¢ i RISC core 4 3§ e 1h
e nFTH . FSAMPAPT LA 6 F T ARTRIAT g P o de or
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WbMemComplt
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cacheMB_dirty
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Start_flush
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Figure 26. Flush Policy

% cache_flush & i%:& j"T} ¢ i& » 3] Checkset sk fi» 9 T kw & % 2 B & &
AT ¥ RS- BEE > %k ? 5 # Rz cache block &_Dirty mﬁ* €&~ 3
Start_flush B 424 FH B w Ic il > § A= “’ﬁ} ¢ i& » 3] WbMemComplt T
A e g A B Flelil o &7 kw7 Checkset ¥ 5 - B TR AV B
BEuBvIleRHEY F ) R AT RARER Eﬁﬁhg F 4= flush_complt
% % 38 & #9 Cache Storage ‘¥ & Dirty Block = fih—‘g, 3} =Rt {- Cache =3 4 2 4p
[P o Rl FE IR TR - SR
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4.3 PLB Master Burst Read and Write

~F & ¢ 2§ 2 P Object Cache Controller ¥F3e a4 e B~ £ ~ 1B

word;%ﬁif:"‘giéTg,lo

Table 2. PLB Master Burst Read

PLB Master Burst Read

Data Length 1 2 4 8 16 32

# cycle 36 37 39 43 51 108

AT G AT @ﬁﬁj— # word F #r % & sracycle £ 36  word » =
BRE & 37 B word - ¥ Length £~ B word & » T 5= f;i;@?]— i#word " &5
B cycle s % @ﬁ%] Length-# <= 1 Word p# > i’a@@?}— # word F & 3 1 cycle >

Tl & R A i aesg Length &5 20w b pEE S KB O e

Table 3. PLB Master Burst Write

PLB Master Burst Write

Data Length 1 2 4 8 16 32

# cycle 17 16 18 22 30 102

FFow 22530 § Length 5o~ & 8 L > g te A8 Burst Write &8 5 2 5 e
FeEml A BRI Y o A i * & = Burst sk R EA B word 0 - 2 &
FUEGIE o 2 S MURZ RRBE S S - B PR FET] i

P A b g BE] o

% Object cache controller & * ¢ ¢ i3 5LpF A Pz if » @ % B~52 xilinx 2R - % -
+ B g 2 BUS2IP 32 % 51 £ _PLB BUS & % JAIP 503 8 > & i & * IP2BUS ﬁh{
& A IAIP & % & PLB BUS a0 8L et iz £ &2 Z 1[4 IPIC & £ eh- &R0 7]
PUF R Ao AR AT R 0 T R AR - @ % Master 4 o BF- i 1 5L e
oo REH 0 AP AP R A NIMSZRIAL D —E IV RT ER BT AT
B o
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Table4. # * PLB 518 ¥ 5%

Signal name note

Bus2IP_MstRd _eof n T EO0OFRA gt R

Bus2IP_MstRd_src_rdy n B 5 0pF 4 ¥ g B BUS i kengpd

IP2Bus_MstRd_dst_dsc_n & R R R
IP2Bus_MstWr_sof n 2% PLB > 2 A% - BE G HFH
IP2Bus_MstWr_eof n 2 PLB o A E (- B&E G DTN

IP2Bus_MstWr_src_rdy.n 45 PLB ¥ B F 4B

IP2Bus_MstWr_src_dsc_n R JEARGR R4E L

#F B AR T hedk & @ % burst mode & 4f fugiE IP pF § iE Master
Performance # 3% ¥ <73 burst support & Bl #-¢ 7% i& * burst % i, »PLB Bus » ¢ v
Do LT BUSE ek § REAIE IPER G 45 @7 I * £ 6 ih 203 e
AT 4ig ec b peores A Ak émpd i % o §2 46 » GENERATE BURSTS =
TRUE 4+ Figure 27 #777 > et A B FRA R - e % B2 L ¢ ERAZ 2

bitstream p# & ;2 "5 | & 4 o

#4 Bus Interfaces
[BUS_INTERFACE BUS
[BUS INTERFACE BUS

MPLE, BUS STD
SPLE, BUS STD

PLEV46, BUS TYPE
PLBV46, BUS TYPE

Figure 27. & i == mpd 4§38 4

MASTER, GENERATE BURSTS = TRUE
SLAVE
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L L ﬂ Buslntertaces | Poits | Addresses |
M M Name Bus Name 1P Type 1P Version
pe— 4 Imby10  2.00b
— il 77 Imb_vio 200b
o mb_plb 1r plb_vd6 1.05.a
- [l 1 microblaze 820k
i @ Create Peripheral { ? &J
o L Master Interface =
° Configure the master interface of your peripheral ‘\\’2
@ 4
9 <

The IPIF master library provides a quick way to implement a mastering interface between the user logic and the PLE w4 6 inferconnect. Transfer request

: b profocol between the vser logic and the PLE is through the IPIC master interface, and the user logic receives data from and transmits dats to the PLE via the
b Hilinx Locallink interface protocol. An example logic showing operation on the IPIC master interface o receivedtransmit data via the Locallink intexface
will be included in the generated veer logic module for your reference.

Master performance

Master penpherals support single beat readfwrite data transfers by default. If performence is key o the master peripheral (ie. Ethemnet), you can have

tumned on - this feature engbles the transfer protocol for PLE Fixed Length burst operations of 2 to 16 data beats.

Data width

The native bit width of the internal data bus may be less than or equal to the PLE master interface data, bus width it is always 32-bit for non-burst
masters and can be 32, 64, or 128-bit for masters supporting burst). To consrve FPGA resouices, set the value to be the same as the smallest PLE slave
in the systern that mayr interact with wour peripheral.

Wative data width: 32 [ =] bit

Legend

!Master W@slave MiMaster/s
N Production [Ellicense (pa
1. Superseded Disconti
= Ded)

/EDK/data/=xflow/bit

| MoreInfo | < Back |[ Next = ]| Cancel
Figure 28. burst #& * ;3 R, ¥ 18

4.4 Object Cache Controller i itfrk 3+ £ Bt

5%

L:‘?-E\T‘

¢ ¢ /i % Object cache controller & (£ 3 3% » & T o & & 47 /i A2 4
B % - % E_writethrough > % = 28 5 write back o & - B ¥ a4 52t 1@
i¥ 7| Object cache controller * Fﬁfi‘u% B AR JAIP ke o i%%’;g @inhg Stall

A > ® 3| Object cache controller 3= F#lw & » 4 € x4k JAIP i Soenid i® > F]pb st
PR A e Ao L R B G JAIP B AR E RS JAR R o
* write back pF - 4t pFiE $# victim block %}u BERE LR 0 F A F FHH S block
+_dirty rwu FHEF A EAEF BRI RMY o FAPSEEE - T AER

dirty 2 3 lenk 34 F k4 % g H 5 %1% -Write Through ri%‘u;‘;”ﬁ i# victim block

R R Fl i E =X m”é,w‘,:rsm,;”é,w Bl > Flpt o 4 fiowrite back £ 0 fe e
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SR RFRE R R B RET R T E Y Sk

Write back to|

R/W Request
= Check mem

Is victim
block dirty

Yes J
no
Read from cache
or Read for mem and
write the cache and Update cache block
update dirty bit

Figure 29. Write back in 42

— R e e ) Request%*‘u ¢ B 42 4% & cache block ® 5 & 3= ot =X e B s
7 m;;i}m DRI IR X 5 o SRR N oS iﬁ.? B EY B F R
AP PIEFE Aok B R R ] 5 B write back %}Hljfrﬁx—? TE LA
dirty bit3x 5 1@ » 2 % 4 8 Flze g4 > b Lhit gpkin s ok i} hiti&
¢ L4 AL A r¥khcache block AF ° k7 > Ak @ ¥ dirty bity 1
ik\/» AR FHEBrRMe o 4 cacheblock ¢ HF H A AR R Y OF
FLE ¥ ek 2 dirtybit 3 0 ifm B ERMY o de% 274 R 0 cache block # &

MOET U E Fed AT RS TF o3 02 4 dinty bite T a g

f# write through 7 48 ©

38



R/W Request

Check

Update the cache
block and write back|
to mem

Yes
e

no

Read from mem | Read from cache |

and Update
cache block

Finish

Figure 30. Write through 7 72 B

Yo F) Request » & L2 & 4 cacheblock ¥ 5 &3 FHL PG 5 4ok 5 -Bh

Lh AT ETE B e R aE o drk %’JIA\/» J8 { 77 cache block # =
Y =35 2 & { AR e F] 5 B write through shi 4> s R o
PP gL \j;“fig [ = L AR o2 A I i} g A3 KR o FTAHLB T
cache block # -z 1 ﬁ{ﬁéﬁ»ﬁ’ﬁ o P ] - AR o R A B Bt T
Pl B - F R gRE Bl T BT R ek i SR — B A
H 3 Pzt = F 5 Il Cache block ¢ > 3% F iafr%#u TR ko At en
Request o ¢+ & Binz@ils 2 A~ A L8 » & 3R Fwrite back & B 3481t
FoF B L 2t > €7 coherence B AZ~ &t write back ¢ ¢ J1I 0 F]

% 7 ifowrite through < :g ¢ B3 27 2o ot Tl eh- R {2 o

# # L write through # £ write back — ¥ 4 ¢ %+ & £ & cache block #
» A NIt 2T R 1 R AR Bre Al LR R A
SEER T VENE.E ERNER S LIE S SRS ST

B Akt FSM b6 7 A BG4 T - At R T
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¥IF F%EF
5.1 % % &S,

rh e om0 F % B E 2 Xilink Virtex-5 ML507 5 &2 E B * Microblaze
&_— 3¢ Soft Processor » 1 i¥#f & 5 83.3MHz B # 1 £ » &_Xilinx #73 & XPS
fr SDK 0 4 R 8% 041 #3855 0 (65 RIELH 3E e REsk 240 T BIR] AN P = Feh
Tk B o 4o B #7% 4 % = ¢ Cache(16KB) {- Heap Management £ JAIP & & = &

— B IP> 23885 VHDL %7 5 4 o Table5 ? &5 7 Rzl #5% T ih & o

[m == = e = = e = = = == === — =
! Java Accelerator IP -
1 String
Accelerator
| Bytecod Dynamic Method
1 e Symbol Area &
i Resolution Class arraycopy
Executio
1 n Engine Unit Symbol Accelerato
| L1 Cross Table r
1 Two- 1| | Reference Manageme
1 level Table nt Unit
RISC Java String
Il core L_Siack - Hardware AMathhlngt
1 Mailbo G Native ccelereat
X Man?}’nimem Interface @
1
[~

Figure 31. R 5 x SLIE W

Table 5. jaip & = F 3t

Device : vertex-5 ML507
Number of LUTs 13238
Number of Flip-flops 6747
Number of 2K BRAM 26
Maximum frequency 83.3 MHz
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5. 2 benchmark # 5

% — B2 * Embedded java Benchmark suite Jembench[3] &_& ® * & ip|z&
java R B i 0 AL wm ¢ 35 {% % Benchmark 2t i B~ * Kernel Benchmarks
Application Benchmarks - # # % 5 sieve {= bubble sort > & 5 Kfl ~ Lift {=
Udpip » # = = benchmark %&*ﬁ 7 Fe chgF 12 > Kernel benchmark T%«f}'\fé * i H
Bz qow B2 Ko Akt 4 ik ek 3 0 4p £ < Application Benchmark iI.%LL
Flhe F RO BN Rk Aom F K SEFGL AL RS2 o

% = T @ * Embedded CaffeineMark(ECM) % i& {7 ip|3& » Jembench &2 7% §_#

okt v ERFELA L RS © ECM ® o StringAtom ¢ & * <

e iEo @ Pt ﬁ‘%{%iﬁ_ Heap # - %]t dedk & jpl3f 2400 Heap it et ﬁ%‘u?

,»\«

hAafit APFENAPEE L P AT S g o b j\j;gﬂ 4 e
benchmark = §5 - sun’s CVM F it iz » CVM E_4% » 3% e java e #t k2 B 3 (730
g Femlinux oo 20 % Xilink ML-405 5 PowerPC a2 & » 1 iF47 53k &
83.3MHz - i ® & CVM * 3 % 3 Just-In-Time(JIT) e §8 4e ~ # ak > 457 K- ¢
4= Object cache controller s3;p|:# 4= Garbage Collection " B 343 > % Object cache
controller * 2 i* 2 ¢ 5" Garbage Collection & # 5 cache =77 kg5 ¥

% 313 GC «p¥ i € 4= Object cache controller 51 » — A=343> F1 5 ¥ & & A48 Heap
i * F aF3d o Flt 4o % Object cache controller 82 58 ehdn o = & — A2 4e » 3534 >

]

47 rheE LR GRS B Rk o
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b.2 cache ¥t B
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Figure 32.cache iB]3& W

F e Heap 7 & 4% & on-chip memory -~ xi.fa{BRAM B HFEREZES
® cycle s T iz B s A b AFan > a0 §_F g » § A Heap 3 B 2% F]
DDR2SDRM p% - 2t it ¥ 5 §|#75 &3 benchmark Kﬁ; TOKA AT A bt g
51i& cache (8 ¥ 14 5 'J*szé‘z;*‘jﬂ Fo g BT F L R @ % BRAM B i o0
po% o B¢ 240 . % 3 oswrite through cache Bt fieo B8 ¥ v - # 5 d1 i JF’K
v write back £ - fe write through cache 4% * % & J2 coherence F¥ 48 _F 7 121t iz
4 {24 > write back #1& % 2+ m«fi/}j}ifg A2 o Bl Y s ARG chF A A H A
23 IE s e Heap(BRAM)i* H_ 257 Heap *x & BRAM } » A& % ¢ ch&
i &+ cache(WT) £ heap *x & DDR F & > & 5 4c » cache @ ¥ B w 4] & i¢g *
write throughe 2 i fu & ¢ # &% 4c » cache »xa £ ¢ L 4 LR PP ey ¥
LIRS fF“i"&E 4= Heap #.3] DDR2SDRAM p% > ¢ % 8 5 % 38 MPMC i 41

8415 caching en i > k3% 2 e Bl G Boami s o
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Table 6. Application execution time (milliseconds) of JAIP

Test\#lter 1 10 50 100 500

Logic 16 81 163 816

170 1705 8528 17057 85285
Kfl 0 1 1 4 19
23 23 25 27 45
0 1 5 8 40

Table 7.Application execution time (in milliseconds) of CVM-JIT
Test\#lter 1 10 50 100 500

55 72 144 235 962
“ 213 1884 8561 16943 84118

1 4 19 46 172
- 11 13 25 41 120
- 2 8 39 58 218

 Table 7 §- Table 8 » % i*3s Jembench *# 1 Kfl ~ Lift f= Udplp 42;¢ ¥ jH
£ 3 kR 0 Fl T A B e PLig L RIGEARS € 4358 PR K
BT P o od B TAHET > — B4 JAIP (he ﬁ;:ﬂr;&{’%@ CVM-JIT e s fe pFEE
Fha e AR o2 B e AZAR > F1 G CVMAIIT ¢ 2 BBz wh ja i cnfo4d > F)
BB g - w57 FF Pt A2 0 3 € F A2 € —E - fRapfest

B fd o



Table 8. Lift execution time
500
450
400 /
350 //
msec 300 /
250
200
150
100
50
0 -

= JAIP
==CVM-JIT

Table 9.

AIP
CVM-JIT
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Table 10. Udplp execution time

900

800

700 / /
600

msecC

500

o JAIP
400 —8—CVM-JIT
300

200

Table 11.JAIP 34{= ECM StringAtom benchmark ~ 4

Platfor T —m ingAtom score

JAIP 390

JAIP (with cache) 807
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5.2 Garbage Collection it BJ3&

Table 12. GC F ik i¢ * ]

Device : vertex-5 ML507

Number of LUTs 650
Number of Flip-flops 720
Number of 2K BRAM 5

Table 13. GC 7 Jembench t & x: ip)3&

Kernel Benchmark

\ersion Original version With GC Version
Sieve 7522 7522
Bubble sort 5207 5207

Application Benchmark

Kfl 27745 27745

Lift 22614 22614

Udpip 12671 12671
Heap Usage 15.48KB 14.66KB

% Table 12 £_garbage collection 3 % ¢ * ] » Table 13 f| £ 4 » garbage
collection {5 #5848 & b3 NP w i drig B aa L F]Z 4o » GCHEm T %
Faftz #4735 e AP Lsktd Bt » GCE—f T 55 % st >

o i e pE A ik EIWFLRAL AR dld T e 2 RE AT
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PEAAART ST £of8 RN FRTFL AR * Object cache controller
4 3L Heap 2 B @ 2 B w88 A+ writeback » 4 b E GC 15 £ 2
BB gV vz o @ 2 £33 GE et T8 £ 5| cache block # - F]pt
g

§% 3 B e RSP o GR PR R T LR e ] T

To AR * ECM ¢ chString Atom kiplE 0 T g Bl R & 5 X Garbage

Collection %i i * 7 29.42MB > gt — Bt » 34 & —B L Heap it * & >

% § Garbage Collection 157 12 % 2 [EWAL 1 R TREE E R S

Wi LT L

Table 14.

Version /

Original ve / F
. ( k
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#,Thgﬁr% s TP o @ fedeaedrs A B ET e B Y —BiREE e ity W UK
3+4% e pre-fetch #3417 I X% X 5 & PR @ * Heap pv> @ 12d Controller
A £ JPRAF RN A K § (7 0k 2eiE Cache storage ¥ o & f & — B 4o cache

2 W 7= >

Storage $8il § F AL pF iF 0 FET M BASIRH FA —— itk > R 2l

lrﬂ

priority #7k = - & % & v/ JAIP #73 dien® K 5 BB priority - pre-fetch % 4+ +

(g}

'i_
12 % Y JAIP e B (s dod F § % B2 Er victim SwE BuE 5]~ > 4 T UK A

e E B R RE T L 4 e

Garbage Collection = & 2\ i° § & &4 pprcip X ¥ 4w fgs it en= 2 > 1 &
JFFF #* two-port BRAM foid Bird| B k gg® o @ (7 4 fedr 2 fow joie i
BEET URRFEFT R E T ARREG 0 e R R AL o A

FRArRROT ARG e 2 A 7 £ mE Rl ARG BRIl

Bkerd > m @ % L2 RGPS S g TP Ak LA A RhEs

Zenfd {E > 7 0 @ * memory compaction 4p B iE B2 0 ﬁ;)j.*{iu g g
e L -Ho ZRYDOREAL - B FEFEFI RS IR RS A D
%fg\?fjﬁ{?a'fﬁ%%@*%g*ﬁ-—i » R~ 32MB % ﬁ,g—iiﬁ,g%;\

16MB % £ > & & 7 0 g Rk i 1 8 sdp R R RS B ek e g
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