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shO=socket (AF_INET, SOCK_STREAM,0) ;

bind(sa, server, slen);
listen(sa, 5);

sal=accept(sa, &client, &clen);
read(sal, bufferl, lengthl);
read(sal, buffer2, length2);

close(sal);
close(sa);
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connect (sh0, server, slen);
write(sh0, buffer0, length0);
write(sb0, buffer3, length3);

close(sh0);
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sb0=socket (AF_INET, SOCK_STREAM,0);

bind(sa, server, slen);
listen(sa, 5);

EMU_read(sal, bufferl, lengthl);
IMU_read(sal, bufferl, lengthl);

close(sal);

close(sa);
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EMU_write(sb0, buffer0, length0);
EMU_write(sb0, buffer0, length0);

close(sh0);
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MPI_Comm_rank (MPI_COMM_WORLD, &rank);

if (rank ==0)

/% receiver

%/

MPI_Recv(buffer, length, type, 1, tag, comm, status);

else if ( rank == 1)

/% sender

#/

WPI_Send(buffer, length, type, O, tag, comm);

MPI_Finalize(Q);
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eop = 2792 / FPE T = R)dt

THbd, Ele. A7V Y IHR¥Ed,; & (H3) tXKEN 3B,
(# 3]

[ele]
dir = 2/ F()p(2=71 — k)t 10

o =0

(B3) EBVT o (t) BATF—VYI7IEETH 5,

Fle, (B2). (B3) KBLTjREBIVRIVTHD, TEELRTEIMBETH 3EE
DEFSERT. Va—7Lby MMi#lc,, (BREBORAWLWBMIHFERY. £/, A7
—VYIHBd,;  RTEBO ROMBBEOHBILERTH %,

[0055]
BB z—T Ly FEBTR., P& —% (K4) KEoTHHET 3,
(% 4]
‘ 1 20
Ca = —— — d
J+1,k E q1-2kG3.1
V2 45
1
dj-l—l,k: = "\/——2- E pl—zkdj,l
1
30

(BA4) WHBEOT, BBB PR QB YL —T Ly FEHROEDOEBMBEETHL., 21
FNO—NRATANWE— NANRRAT 4 )V E—OBEND 2, #oT. (j+1) XDR
FeUYIHREd 0 B JRORAT—UYIEEd, | &0 1 DT OMEER
Pk, MATREZAEBRKCHBNERBEN j RO 1 /2% %,
{0056] .
=%, (JF+1) ROV ae—=T Uy bH¥lc; + 1, «BJRORAT—VYIHREI,
K BENANAT AV E—KBICLIREDBOEN, A7 — VY THRHEd,; + , « &d;
K DEORABEBRR s EET T LICK S,
[0057] 40
M2 ve—70Ly hEBOMBIN— 2R LEKTHD, TES10 (Source
Signal) BENANRIXT 4 VE— (HPF) KEL, EbRF—2—20OEDO@*IC
Ml <LH (SS) 7> T, BB 11 KRENBHED (H part) #2H 3%,
F/, EE10 (Source Signal)Za—NA74)&%— (LPF) K@
L, EHRTF—F2—RVLDOBEEICHIISANE (SS) #1F->TCES1 22185,
CDEIRLTHEFEBEL2ZNANNA T4 VE— (HPE) LBL, SbRF—%&—%
CEDBEEICHMICALE (SS) 27> T, BE13KRENBLHKY (LH par

t) 2E5%,
Fh, 1220 —NAT7 42— (LPF) KAEL, EHRKF—AXA—R0VLOBXIC
Mgl <E (SS) BF->THEBL14E2ES, 50
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DXL LTHEEEBLIAZNANRAT 4 )V&X— (HPF) KBL, EbIKF—&—%
CEDOEETHEEICALE (SS) 27>oT,. BB 15KRENBLLHEKS (LLH p
art) 2B 5%,

¥, 81 4%20—-NXAT7 40 V&— (LPF) IKHL, EbF—&—R2UEOBEXI
MEI<HMHE (SS) Z217>7T, EHE16KRENBLLLERSY (LLL part) &
%o
K3BCODEIKLTCLHEBBERNTLEZToLERE2PRLERTH D, TEEIZL L
L. LLHBEZ., LHRZ. HEZD A KSBI N %,

[00 5 8]

TZT, V=7 Ly MEPRER Y2 - T Ly hEREFELX Tz —T Ly FERIICSH
FI2CLATETHL, COVTREHAVTE BUL,

[005 9] ‘

EXVxz—7Ly FERTE., V=7 VLY PVEBRBEBREOADHF VLA EZ EHAEZ L
o THOU =Ly FHEEELTE., FEyvyy— (Daubecies) B#H. "n—J (
Harr) %, A—Vv— (Meyer) %, YLLv b (Symlet) B, #L
TaA47bwyh (Coiflet) MBENFHUTETHS, CTTDaubecies
BRAV b RETEZ2CLHHZ, TNHLOEX Y —7 Ly FEHRTR., WME L
IR —NAT 4 V2 =R ERKIDEER (Ao —7") LWEZ2FIEHREICHYT 2
BB LN 3B,

(0060] ‘

FERZ V-7 Ly PEABIKE., BEE B Yz —-T Ly FEEBEEY2—T Ly 2RV
20052, BERE V-7 Ly bEBELTRBRAYAE Y- Ly FEEND 3
o COVABRE Y —T Ly PHBEZRAVERSG, Vo —T Ly PERERCHL TN
BEEZHEETICLIKEIDBMENBLONS, HBHB IV —T Ly FEBEELTE. AFvH
Iy BB, TLYFNY FEBENSBZD, ChBEFALTEREY L —T Ly hE B
ERENFLTHRNEZHELTEREEEL M AV, LAL, HELZHENHEIc o —82
TANVE—FTEARKR (2 X0 =) WEHAEFTS CLICLX D BEIEYYTZHEESRSC
ETEETH B, ‘

[o06 1]

Vr—7 Ly FERBROZEFMHMEMEIA IR T IAL (Scalogram) &EFhH,
AT TSLTRTCLEETER, EHRHE7 -V IILEHEDEROBENBEARY bR T T L
BERABEBNYEFIMTHELN, V=T Ly FERRKEBZARZ aFd I LEEN KA
YRESWTH B,

[0o06 2]

RENYRNRRATANE—KEBULBETHEDN, ChRIBEDORNYERRAT 4 NVE—% D
EhULHOHAEBLTEBE, BERZERCNAOD 74 VA —KERAIRYT, EEDLEMBE
R RITDHETH D NYFRAT 4N E—REBFETR., BRBEFYERINVERTDH
DZRHRBRMEL, PIRIEETHE-TELIEDR Y, TIRIEEDONRY FAX74»&
—WETE, LEOEHHELNTABZHNADD 3,

[006 3]

mBE. V4T F—0HRCDODVWTHBEAT B, BEES L (t) Ov JFr—9/iE (K5
) THREN 3B,

[# 5]

Jymfr?ﬁf&+%JJ#P—%]@mxﬁﬁﬂdr

TCTT, *iFEHAHI & AT W)~ (Wigner) fFidv 47 r——YL (W
igner—Ville) HENEREEEDE2, AEHTR., EE2RMABEOHENTH 5
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N, BHOBBEFRABITCTI 4 ST —0HOHERTSCLHTHTH 5,

006 4]

CTREDNYFRAT 4 VWX =B, Yo—T Ly &, GEET—) &, vy
F—DMHEEEHEOFETHICEHAETH 2, BHlIAEY I a7 THSEAE,. m
athematicaTlYe—TVLy FERZTFINRYF—VTHETHZWavel

et Explore®¥2MALTHETES, ¥/, MATLABTE Y2 —71L v}
L¥EFTI vy —Y (Wavelet Tool Box) EZHHLTCHETE S,
¥/, CEBS T/ u/SI VI UCHLHENTRTHD, BEHOREEE oLy ¥ —
KE->THEENTRETH 5,

[0065] 10
REBEICBNWT, NYRRAT 4 b2 —WUHER, Yo~ Ty FEBRER, EHEHY—
VIBPER, Do JFr—DHFFEBRBINCWEET >R EEZED, HB VI, EH
TRAEVEDDHERLBALK TR LICE>T, HIBEFIC ENTE B,

[0o066]

ARFEHEOWECTE, REMEIHBHEABEBELUY —TaL570AZFHL, =V T
WaAYEa—&F— I BMHBEAA—-—VY > Varya—&—%2FHL, Y—723L570A
EIBMBASA—=YFLaryVYa—Z—0OMERS—232—CHr—7)VTHERLEZ, ¥—
TALBENR=Y I NaAV a2 —RKELNLEERHEES T —X—ONE L %D 2 EMG
B, V40— HOHESE, CEETHERLEY 7Y 27 TiFok.

[006 7] 20
LT, ARPLII2EBHEMEIBMASECHMEmET > R BEFEERNGHEKZHVWEE TR
BEHEBN AR CEZERBTEERAGEZER LLBEFEELEBOMRBRACDVTHME T 2, &

B, BTEHEEBE, FBEOBRKTO., RT3 BEFEE T 0 LA - NIy VR adgd

%o

{006 8]

M4ld, 2RARLI2EFEERAGOBEHEREZBENNKEDLIHERTHDD, EEMED
BFEHRBRNAMES (MTHICEKEEHTSE) 21 kic, Folg@22z2zNLT. &
WHEEMBEERDPLITZIBEAELEE2 3L, ENMEMBRZIERI LT Z2EHRHMERE 4
EHRHEBEINEHBEEL> TV, Bli, I5BREWMHMEE 240 LICHRERE2 5 28
THRICE > TV 5, 30
[006 9]

WEMEEMA (XHEK) 212 0TH, KBEEFH 10" QcmUTFTORBEERT S O,
Bz, 7VIZY L, v s, yuabk, =sabk, . 2. B, A2 G L08R, B
{EAX, Bk YYD LELEOSBBIEDE, BEXBRA Ay ZVYFTIK&Db, 7144
RELCBHBROYSIRAFy I, MEPELEZBD, HE30VE, 7VIZw L, 7IV3
ZYLAER. v TN ATV LVAEOHRKUTENSEMULBL, FIEREEOLETE
ik, UE., ALY, MBS TERHLB UAES2HEHTACENTES, £k, B

M 52—36016KKHERENLELZYRVAZ YT VRIVEF, TYRLAAFYLAN
WHFLEBMEK21ELTHVRZLENTEX S,

fo070] 40
O, FEEGRLCEEENAZELYABEEMBLIBLTBILELDE, AKPD
HMEEEAR2 LLLTHVRI N TES, COEBBERAKEZLTE., h—RVTS5wv s
TEFVLYTSw I El, PHNIZUL, v, B, v L, i, . B
DEBVBEVIZEBEBEAL, ITOSEOLERILYRESENRITOENS, £/, A
KHWbh S EEMERCR, RVRFLY, AFLy—7ryn= FYVHEEEHK, 2F
Ly —7 RV VvHBEEK AFLy—EAkYL A ryBEESK, RV XF)N, KU
b=, BIkeo )V —HBEDVEESEK, RVEEBC =V, RUELEZYFY, &
V7Y L=, T/ FVRlE, RUD—REx—F, B ELO—XKE. 25 1&
va—AfE, RV WITFS5S—)b, RUECZ VRV =), BUEZ VLY, R
D—=N—-CZ VAWV =, PH2ULHEE, YVDa—ik, mRFEVBIE. 2532 50
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MIE. DLAVEE. 72/ — IV, PA0Fy FEESORT S, BRELEEE R
HBEEHBEIBTONS, COXSLEBUEBR., ChbEEBUENALESHE L H
HadEE., FIZEHMAETHE (FFSRO75Y), MDC (P7nmnuXiXiky) M
EK (AFNVZFNVTEY) o PVEYERHOWLTEBAET B LREVRIBCLHNT
%, Ble, MY LMABEGAEERYVE/LAC=, RYU T LY, RYVZZAT, RY
AFLY, BVEAELCZUFy, RUzFLy, HdL, 70y (HERK) A0
MEHMCEEN N B EEE SR AN F 2 — T RE->THERBE2RI CERBEDE,
AFRPAOEEREK 2 1 L LTRFICAVWBRCLERTE S,

007 1] '

HEEEAZ IOMIAFEELELTE., SBOYEIMIT, MEMI, TENIATEETHD 10
EFENLOMITEOHEAEDEEENTH B,

fo07 2]
RICERBIEDOVTHHET 2, BRABREBTLHEETLI VY, HPOHBE L, ¥9F
HHRLEB2ILENMEBE2 ALDOERINZEALLBRR S,

007 3] . -

EHAEEB23E., BEREAMBEZERLETEIBCHS, BEHEEMR IR, EHE, &
BialoF@EME PHVEN, ZOREH LT, B/ 7VHE, PA7VER., PV 2R
TYVBER, RV L YREAR. RV VREN, PV RVERER., S/ UVRBAELEL
B RITVY IBRERN, 72T VRER, 7ROV TS VRER., 7L
SYULERRHENBTFONMA VO E, BRABEEM B, BERTHZ2VE2BULES 20
LTHWwWbRN B,

{007 4]
FRAEB23ICHAVOMZEE/HBELELTHE, RUZPIR, RUYLEY, ZREF
BB, R by, RUD—FRx—br, YUa—YRE. 72727V VEE. RV )T 55

— ), RV VRV —b, RV VT by, RUVRAFLY, BURNVEY, B —
N—EZ AW =), BUTZVLVT7IR, RYCLZ VR -V, RKYUT XTI,
T/ FUBE, B VB VHEEAK, RVEBE -V, BT =L rAF
FYR, RUZ7IR, RV VEUY VY, o —A%RBE,. 1LY, RV V7
ha—)y, RV vea ) FYERBToh2, BEBEOBR, EHELEMWE 100
BERMBIENL20~200ERE, WELLWE50~1 50 EBMPELTH 3, 30
[007 5] )
CCZTHVWOEhBZHBEAELTR, IRy Tan/ =, 7MY, AFVIZFUHT b
Y.vouanFy /v, FrSe Ry oy, VAFYY, TFNLRLVY VT, BT S
V. BB ATV, YrpnARxy, Yronrixy, /sy y,. YyranFy
Y. by FLY, VT uArERBYENE, BHBEOBIHELLTE, BER
T, AJbV—a—r, ¥—ba—Fbr, JRANa—Fr, A¥F—O— b+, YUV Fa— %
DHEERVBZCENTES, BERNRLEB230HERO. 01 ~5 umBEINBEYTH

D, FELLIRO. 1 ~2umTHbB,

[0076]

EEHIMEE2 4, BEMMEYWERCHEHEZEY ZBACERENSLIBEL, thre 40
BHAESLB2 3 LEBA, WRTIZCLICEVERTZS, Fh, HDERLOTHEA., L
RYYTHE, B EANERRMTZ2CEETEL, LANXYYIHELTE, VAF LY
VaA—YFAAN, AFNT 22 Va—=YFANEEQY Y a—VF AN ER, i
N=TNAa7NVFVEEETIZIRIRI—-—H20VRAVIT—PHEIH, ZOHEHEIZ
EEBMBINLTO~1EESEEIEYTH B,

[007 7]

BEHIMEYE LR, EAMEYWELETWEVE LY D5, BEFWMEWHEL LR, flx
. 7a)7z), Jab7=), FhIVFP)IFLY. FRSVTI)FITREY,

2, 4, 7T—-NV=bR—-9—-TNFVL /Y, 2, 4, 5, T—FFrS5S=bu—9—7)
AV/V. 2, 4, 5, T—=F+rSruaFYrhy, 2, 4, 8—hFUZrEFAFY 5
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Yrv. 2,6, 8—bVZbB—-4H—FVYF/ [, 2—b] FXTzry—4—-FV
1,3, TV raIRYYFAT -5, 5-VFFVAR, XYV F ) UHE
BREDETZAUEMEN BT ENS,

[007 8]
EAMEHMEELTE, RV NIV = VECZOFEGE, RY—y—HLNRVY
WLZFVINVEA—- P RUCZOHFEEK, CLY—KNVALT7 VT RIFAMRTZ0OHE K
RV VLY, RV VTt bbby, RUTS Y AF VY- VFHEGK, &
FHYITV-NVEHEER, AIXYV-NVEHEEE, T/ T7V-VTFIVEEK, V7Y=L T
SUBEMR, FPVTU-LVTIVHEEK, RFURNVBEK, o - T 2SNV AFIVRVE
Bk, AVUVYFEEER, VYTV ARZVFEE, PUT7V—)VAZVEFEEGK, 9~ 10
FUONT Y IR VFEEGEK, CSVY VFHEEGE, YCo VRV B VFEEK, RSV VB
BR, A VFUVFER, 7EXIVFEK, CLUVBELKE, CARAFARVFEEK, T
FIVHEREZOMNMOMEBEDPIBETONS, CRODBWMEDE IR, ML 2
BUEREALTHVYONS,

[0o07 9]

WEMEBEELTE, RVXFLY, AFLY =7 2VUn= b VHEAK, ZFL Y-
RYVTYHEBEK, AFLYy—EBAR LA VBHBEEK, RVZXFV, RUELSZ L
VERES IV -FEBEZIVHEAK, RVEBEo L, RVEEEZYFTY, RYUFUL
—h, Tz /FUEE, RVAL-REx—F, BBV —2ARE. = F VLo — 2K
KV WTFS— ), RUEBEZ R —, RV bbby, RU=-—N—-FY= 20
WHIVRY — v, 7V IVEBE. YVa—riE, 2 R8F V8. A3 08E. YL &
VB, T/ —VBE TV Fy FEIESORTEM X GBBLEBENBTENS,
[0080])

EWMMEDEORE., HEHMBI1OOOERIIKWN L, 20~300FEE., HFE L4
O~150HEBMHMPULTH S, £/, BEHMBEBOBMERZ., 5~50umBEELTEC
ENFE LV,

[008 1]
CTTHVWHRBHBEHELTR., FroebRursy, 4%y, My, Yrnuon
ARy, B/ 70aXy¥y, Yroornigy, YyoruntEy/Jr, AFNVLZFNF Y
TR EENBTFEND, - - 30
008 2]

Fl, BEHMBBRCRIENMEYE L LTOMEEL, NA UV E—KEOBERZL > E Y
FEAREYELBFCHERENS, ChOBLFERNLWED MR E N 3 B2
Bid. WEEBICBN2LDOTH2, BLTERMEYBEL LR, 2NOMEDERT
EHEMN, PITY- V7 IVHMEZERHRC / XRBUEHCTER V- R X - b PREFI
Hwbhs, flzid, ¥ 2000—103984D (1) ~(10) RTEDLENDZE
DFBEEMEDESRIFICH VOIS,

[0083)]

Fl, AERILBOT, ENMERB2 ACTHAR LAY Y IHERMLUTE LV, K
AlelTi, V7FNVT72Lb—b, VE I FNVTEZV— R E—-RoOBBOT®EH & LT 40
FRAEATVWI2LDOVZOEEFHTE, ZOMEABE LTRBEEMELENLTO~30
BERBYBEBENEYTH S, VXU YIJTHIELTE, YVAFNVYVa—F LIV, AFIVT
oWV a=rA AN EEDOYVa—F A VES, I A—=—T A a7 Ve VERE
BT3RS —H20VEAVI—NHHIh, 2o BRBEBEREBEINLTO~1 &
E%BEENEYTH S,

{008 4]

AHBALBYAEFEEBAKRKIE, R4, R5KRT XS, BEEEE2 1 LEXB
(23, 24) LOMICTHEE22ZRIZBENTEZ, THEE2 21— KRIEH
EEERDELTED, ChODOBBRZOLCEEBEZABINTRMIZCLEEZ B L.,
—ROEFEBBEHCHLTHEBEANEOBTOBETHICEIEELY, 2O Rfiflse L 5
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T, Ry ww7rirva—n, A¥A4y, RUFP P UNVEBF P T LHEOKEBEEEE, &
BAFA Aoy, ArFVAFNFIA aryEoTa—- VA BEBE. RUY LRy, X
SIVEE. 7/ —VBE., TVFYy R -XASIVERE, TRFBES, ZXTMAE
MEEBRTA2HENBERENBTEN S,

[0085]

¥, FRIEB22kIBET7 L. BY & umﬁ@%ﬂtbk\@m%&x\yUﬁ\
TNVIF, BV azv L, BIEAX, Bt YV LETHRTE2EBRILY OM
MEEZMZ T LV, TAEDOTIEB2 2., MBOENEOESG L EME, WY kAR
BITEEHNCTHERTZRCENTES,

[0086)] 10
EHle, ARHWKCBY BT EB22L LT, YOSV TV YIH, FEHY YV
THE, 2alhv ) FHERGEHTAEILETES, TOM., FHEXB2 21k Al

2 O3 ZREBBILETRIZLEDOR, RUNRSFYYLY (RULY) E0BEBH®, S
i0,, SnO,, TiO,, ITO, CeO, HTOMBYrEEEEAUNEBELLTRY
LOLRERHFIERATE,, COMRLERNHNOBEDEHVWEZ I ENTEE, TEE2 20
BEEZO~5 umBPEYTH B,

[008 7]

MRS &2, ARPOBFEHEBE K KICE., BAEXERHFEOEWN T, H#ERE 2 5 % &K
HEDOLEBRIB DB, R#E2 s KEHATAMB L LT, ABSHEBEE, ACS
B, ALV 7cry—¥Co e/ x—fEBBSGE, BREELRXRVZ—F IV, 7UIVEE. 72/ 20
— B, RU7eid—ib, RU7IR, RYTPIFALIR, RU7Z2YL—Fr, RUY
DWVANEY, RUTFLYy, RUTFLYFLIT7EL—F, BUH—REx—Fr, RV
—FIWANFYy, RVzFLYy, RUVLZFLYFLTI7EL—F, RUALIPR, 72U
g, RKVAF RV Ty, RVl y, RV 7zl YA F v R, RYUANWEKRY, R
VAFLY, ASHNE, 74V —XFLrvHESE, RV L2y, KUY =
CRVBERE=ZDF Y R VBESOMEBENBTENE, REE2 5 R EOM. W
EHERPAETZANT, RUFFSTINMA0TFLrOES RHBEBBE. VU 32
ERUCChOBIBKBLFRXY, BIELRAX, FRUBAVYLEORBMRZSHLE D
DEEHRMT B LENTE S,

{008 8] 30
REB2 50K AHELLTR., BEOBAENRHAENS, 2. REB250ES R
O 1~ Ty mBENEYTHE, . MEOMMcEEEBEAEMNEZERTER LK a —

C. a—SiChRERMOMBLIREE25LLTCHVWRTENTE S,

(o008 9] -
AFHEBOWTE, BXE (23, 24) RERB25oMchlEL2REIZ LT
RRThd, FHEBILE. —RENSA VAT —BEZERILLTHVS, thbfilige LT
., RUTFZIPR, 7IVa—NVEEEFrF Yy, KkBERVE VT FS—)b, YL
TFS—=), ROVECZ VTP Va—)xERNBTFons, PTHBOWRELLTE., o
T BHEOBHFENFHAEINS, B, PHEOETRO. 05~2 pymBENEY T

b B, 40
[oogm

XK, L ?%E@ﬁ%%ﬁﬁbtﬁ%%kxé%%Pééﬁuawfﬁm?éo

Ko, %ETE ﬁéga—mbm%mkﬁmi%W%lfﬁb THRT2 & %EHH
LEARPOHBIIBETZ2E2DTH %,

HeRTBETFEEEBER., FSLROBFEEENXEKI LOEbbic, HEHME3 2.
BHNIRN3 3., HHEE3I 4, BEEHEIS, 7V -V /BB TPARBEhTV3,
BRERMISKBVT, BEM3ISKE I —DIEEIh, ChBEERMI6TES S
ha,

009 1]
LROBFEHEEBRHEHALAEABEFEEAELBVW TR, BFEERBEKEI 13 KKE 50
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FRKEEBELT, HFEBEME3 2 TEXRARCHEIN, BAXBEIIHMLOBHILL-> T
HERBEETEERNEGK3 L ERKBRT B, '
[009 2]

WEMMI 2KkE, artay, Zav oy, EEFER (VIYRAF—FFy—

¥) . FEBER—SLhLERZRUDLTIZRNMNOBEFERERAVBZIIENTE S, HEEHKKES3
5@, ~ROHEBPHEHTEEDN, BEFy— Vv bHlFry—Vrv2HALELD
DR TH B,

(009 3]

FBHNEWI 3, RORRENTOEWY, REXFESTHETBXEE LTI, ¥*
. 2BV TRA5Fyoy S, "adbrysy 7, KET, F UYL, BRREA 4~ R (L 10
ED) . ¥EHL—-¥— (LD) , T LI brualVIxvbyA (EL) SORNXYEERH
THRIENTER, ZLT, FEOHEEHBONOARZRBE T B DI, Yvy—Thy b7
ANWE = RYBRRAT4NVE—, ERHAAY P T4V E—, AL 049D T 4 R—
VFB T NVE—, BEREZER T 4 NVE—BREORBE T AN R—Z2HVBEILETE3,

M BNFEEE, H6RRRUEFBHOMIT, XHEAZHHLAEAEEIR, REIR. 7
VDoV IR, SVRHIBASOTIEERI S LICED., BAEKCAED R XN 3K
WKHEAWBR T EHNTE DB,

{009 4] .
BABKEXRBEOHEZM U CHBABBELET >t 6, BAKLCBEXZAOHER
BRAEREINDE, CNEAXBECHBLEZBEO N — (REMEF) THETHITR 20
PESENELNEZ L, BREXBAKHEHELEZEBEO M F—CHEBETARX X ESRIES
Nz, PHr2FHBRE. PHOFEEMAT AN TE, ELREFBRBICLANOFE
MBHWLENS, '

(009 5]

ZOPBOTE, BEBEUREARIRSLRDODEDELTRENRT VAN, ¥Y— bR, =V
RLARVIFRODGEDEFERATECENTEL, 7V -V FiHiFry—Yvye LT}, o
Ohroy, Aapnbtny, BEHER (VIVYRAF—FFryr—Vy) , HBu—5 ke
BIEZULHELITINHNOFBEFRERVZ LN TES,

FREBEF Yy —VyRUDEBF v —Vryicld, BELZOBBRERAGHT B LM T2

%, . 30
V-V ITBBRKE, Ty =75V, R Ty—T SV EERFILDBETELNTID TS
VYRRV L EAVHT LV REFETRZCENTES,

{00096]
MERRTEKIABEFERELEBIURESNZARPOBEBRIER TR, AERE, 770
VEY, SV VEABEORBEARBEELTCHABAEATWVWTEIVS, Y2 Xh—+V
wYDETZENEEBAKHEAAENTL IV, 7oA h—FrD v PEid, BAeLEEN
BL, McHEFR., BEAFE. HBEFR. BEFE, 7V -V I/FR, BREFB LY
BEAE—-DOERB (BH) THs, 70t Ah—r)w VOB RERIEZI BTN D
B AEFAIELTRTERTLORBTLNS,

[0009 7] _ 40
R7EARBRARKLIZBETFEERA T oA — ) v IBRT,

R7BVT, 31EBEFEERNEKR, 323 HEFHR., 33 FEHEBENE. 3415
BFER, 35REEFR, 38RMEDKEEM, 36 EHMM. 3737V —= VIl
B, 30R@7TubxAAhA—-— v VOERERT,

[0o09 8] :

CORB—HEHNZRLEZLOTHD, SFRERKRLEUNDOEBETE BV,

fiAw, #EFR32¥an Y, Rantoy, HBEO-VEONMOEEFEAE
FHABETH B,

BHEY. RURBRENTOVERVITEBXEEOXEICE, BB, 2V FRFYIS YT N
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This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Docket No.: ZTANN.002P1C3 Customer No. 20995

INFORMATION DISCLOSURE STATEMENT

First Inventor :  Zvi Tannenbaum

App. No. o 14/181112

Filed . February 14, 2014

For . CLUSTER COMPUTING
Examiner . Asres, Hermon

Art Unit © 2449

Conf. No. . 6874

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

References and Listing

Pursuant to 37 CFR 1.56, an Information Disclosure Statement listing references is
provided herewith. Copies of any listed foreign and non-patent literature references are being
submitted. Any foreign references may also include English abstract(s) and/or machine
translation(s), but no representation is made as to their accuracy.

If the Examiner would like additional information regarding these references or if
anything is unclear, the Examiner is invited to contact the undersigned for assistance.
No Disclaimers

To the extent that anything in the Information Disclosure Statement or the listed
references could be construed as a disclaimer of any subject matter supported by the present
application, Applicant hereby rescinds and retracts such disclaimer.
Timing of Disclosure

This Information Disclosure Statement is being filed within 3 months after the filing of a

Request for Continued Examination (RCE), and no fee is believed to be required.
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Application No.: 14/181112
Filing Date: February 14, 2014

The Commissioner is authorized to charge any additional fees which may be required or

to credit any overpayment to Account No. 11-1410.
Respectfully submitted,

KNOBBE, MARTENS, OLSON & BEAR, LLP

Dated: September 22, 2017 By: /Lance D. Smemoe/
Lance D. Smemoe

Registration No. 66,152
Registered Practitioner
Customer No. 20995
(949) 760-0404

26739290
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKET NO. |  CONFIRMATION NO. |
14/181,112 02/14/2014 Zvi Tannenbaum ZTANN.002P1C3 6874
20995 7590 08/08/2017
EXAMINER
KNOBBE MARTENS OLSON & BEAR LLP | |
2040 MAIN STREET ASRES, HERMON
FOURTEENTH FLOOR
IRVINE, CA 92614 | ART UNIT | PAPER NUMBER |
2449
| NOTIFICATION DATE | DELIVERY MODE |
08/08/2017 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.
Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

Jjayna.cartee@knobbe.com
efiling @knobbe.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

. - . 14/181,112 TANNENBAUM ET AL.
Applicant-Initiated Interview Summary i i
Examiner Art Unit
HERMON ASRES 2449

All participants (applicant, applicant’s representative, PTO personnel):
(1) HEBRMON ASRES. (3)Lance Smemoe (REG NO 66,152).

@ (G N—

Date of Interview: 25 July 2017.

Type: [X Telephonic [] Video Conference
[] Personal [copy given to: [] applicant  [] applicant’s representative]

Exhibit shown or demonstration conducted: [] Yes X No.
If Yes, brief description:

Issues Discussed [J101 [J112 [102 X103 [JOthers

(For each of the checked box(es) above, please describe below the issue and detailed description of the discussion)
Claim(s) discussed: 2.
Identification of prior art discussed: Block and Singh.

Substance of Interview
(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a
reference or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc...)

Applicant doscussed proposed amendments to Independent claim 2 including adding "program code for a single node
kernel that when executed causes the hardware processor to interpret user instructions to evaluate mathematical
expressions and to produce results of evaluation and a mechanism for the nosed to communcuate results of evaluation
with each other using a peer-to-peer architecture" Examiner indicated to applicant that the Block and Singh references
will be reviewed and a search will also be updated. No agreement was reached.

Applicant recordation instructions: The formal written reply to the last Office action must include the substance of the interview. (See MPEP
section 713.04). If a reply to the last Office action has already been filed, applicant is given a non-extendable period of the longer of one month or
thirty days from this interview date, or the mailing date of this interview summary form, whichever is later, to file a statement of the substance of the
interview

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of the
substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised.

X Attachment

/HERMON ASRES/ /NVIVEK SRIVASTAVA/
Examiner, Art Unit 2449 Supervisory Patent Examiner, Art Unit 2449

U.S. Patent and Trademark Office
PTOL-413 (Rev. 8/11/2010) Interview Summary Paper No. 20170725
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Summary of Record of Interview Requirements

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record
A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be made of record in the
application whether or not an agreement with the examiner was reached at the interview.

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews
Paragraph (b)

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in §§ 1.111, 1.135. (35 U.S.C. 132)

37 CFR §1.2 Business to be transacted in writing.
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to
any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt.

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself
incomplete through the failure to record the substance of interviews.

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless
the examiner indicates he or she will do so. Itis the examiner’s responsibility to see that such a record is made and to correct material inaccuracies
which bear directly on the question of patentability.

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing
out typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required.

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the
“Contents” section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicant’s correspondence address
either with or prior to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication.

The Form provides for recordation of the following information:

— Application Number (Series Code and Serial Number)

—Name of applicant

—Name of examiner

—Date of interview

—Type of interview (telephonic, video-conference, or personal)

—Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.)

—An indication whether or not an exhibit was shown or a demonstration conducted

— An identification of the specific prior art discussed

— Anindication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by
attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does
not restrict further action by the examiner to the contrary.

—The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action)

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview
unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the
substance of the interview.

A complete and proper recordation of the substance of any interview should include at least the following applicable items:

1) A brief description of the nature of any exhibit shown or any demonstration conducted,

2) an identification of the claims discussed,

3) an identification of the specific prior art discussed,

4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the

Interview Summary Form completed by the Examiner,

5) a brief identification of the general thrust of the principal arguments presented to the examiner,

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully
describe those arguments which he or she feels were or might be persuasive to the examiner.)

6) a general indication of any other pertinent matters discussed, and

7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed by

the examiner.

Examiners are expected to carefully review the applicant's record of the substance of an interview. If the record is not complete and
accurate, the examiner will give the applicant an extendable one month time period to correct the record.

Examiner to Check for Accuracy

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner’s version of the
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, “Interview Record OK” on the
paper recording the substance of the interview along with the date and the examiner’s initials.
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MEMORANDUM

TO: Examiner Hermon Asres
direct: 571-272-4257
email: hermon.asres @uspto.gov

FROM: Lance Smemoe, Reg. #66,152

RE: Agenda for telephone interview on Mes

Eastern time
Application No.: 14/181,112

Attorney Docket No.: ZTANN.002P1C3

INFORMAL DOCUMENT FOR DISCUSSION ONLY - DO NOT ENTER

L Discuss Applicant’s disclosure and claimed inventions
1. Discuss references cited in Office Action
A. Block et al. (US 2005/0021751)
B. Singh (US 8,601,101)
III.  Discuss proposed claim amendments
2. (Currently amended) A computer cluster comprising:
a plurality of nodes comprising a hardware processor, wherein one or more of the

nodes is configured to receive reeeives-a command to start a cluster initialization process

for the computer cluster, and wherein each of the nodes is configured to access a non-
transitory computer-readable medium comprising program code for a single-node kernel
that, when executed, causes the hardware processor to interpret user instructions, to

evaluate mathematical expressions, and to produce results of evaluation; and

a mechanism for the nodes to communicate results of evaluation with each other
using a peer-to-peer architecture;
wherein at least one of the nodes returas—a—result is configured to return at least

one result of evaluation to a user interface or a script.

5. (Previously presented) The computer cluster of claim 2, wherein each of the

nodes comprises one or more cluster node modules.

Ex.1002 / Page 379 of 664



MEMORANDUM
Page 2

INFORMAL DOCUMENT FOR DISCUSSION ONLY - DO NOT ENTER

32. (New) The computer cluster of claim 5, wherein each of the plurality of nodes
implements asynchronous calls that enable the single-node kernel to perform computation tasks
while the cluster node modules are simultaneously communicating with one another.

33. (New) The computer cluster of claim 5, wherein intercommunication among the
plurality of single-node kernels during thread execution is enabled by the plurality of cluster
node modules, and wherein the computer cluster is configured to permit exchange of information
between nodes during the course of a parallel computation.

34. (New) The computer cluster of claim 5, wherein each of the single-node kernels
are configured to call a send command involving creating a packet containing:

an expression to be sent as payload; and

where the expression should be sent;

wherein, upon reception of the send command by a local cluster node module
associated with the single-node kernel, the local cluster node module is configured to
decode the packet and forward a payload to the cluster node module specified in the
packet;

wherein each of the single-node kernels is configured to call a receipt command
involving creating a packet specifying which message to test for completion and to then
wait for a reply expression to evaluate;

wherein, upon reception of the receipt command by the local cluster node module
associated with the single-node kernel, the local cluster node module is configured to
decode the packet and use a message specifier to search for any matching expressions
listed as completed in a received message queue;

wherein, upon determining that such a completed expression is found, the local
cluster node module is configured to send the completed expression to a local single-node
kernel associated with the cluster node module in response to the receipt command, and

wherein each of the single-node kernels is configured to receive the completed

expression and to update variables used by the single-node kernel during evaluation of

expressions.
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Page 3

INFORMAL DOCUMENT FOR DISCUSSION ONLY - DO NOT ENTER

35. (New) The computer cluster of claim 2, wherein the plurality of nodes are
configured to permit exchange of information between nodes during the course of parallel
computation.

36. (New) The computer cluster of claim 2, wherein each of the plurality of nodes
comprises instructions executable by the hardware processor and configured to implement
asynchronous behavior, wherein the instructions comprise:

a first instruction to asynchronously send a payload to another node;
a second instruction to asynchronously receive a payload from another node; and

a third instruction to search for a payload matching a message specifier.
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Doc code: RCEX PTO/SB/30EFS {07-09)

Doc description: Request for Continued Examination (RCE) Approved for use through 07/31/2012. OMB 0851-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

REQUEST FOR CONTINUED EXAMINATION(RCE)TRANSMITTAL
(Submitted Only via EFS-Web)

Application | b /151419 Filing | b644.02-14 Docket Number | -\ 002p1c3 Art 1 basg
Number Date (if applicable) Unit

First Named Zvi Tannenbaum Examiner Hermon Asres

Inventor Name

This is a Request for Continued Examination (RCE) under 37 CFR 1.114 of the above-identified application.
Request for Continued Examination (RCE) practice under 37 CFR 1.114 does not apply to any utility or plant application filed prior to June 8,
1995, or to any design application. The Instruction Sheet for this form is located at WWW . USPTO.GOV

SUBMISSION REQUIRED UNDER 37 CFR 1.114

Note: If the RCE is proper, any previously filed unentered amendments and amendments enclosed with the RCE will be entered in the order
in which they were filed unless applicant instructs otherwise. If applicant does not wish to have any previously filed unentered amendment(s)
entered, applicant must request non-entry of such amendment(s).

I:l Previously submitted. If a final Office action is outstanding, any amendments filed after the final Office action may be considered as a
submission even if this box is hot checked.

|:| Consider the arguments in the Appeal Brief or Reply Brief previously filed on

[ ] Other

X Enclosed

X] Amendment/Reply
g Information Disclosure Statement (IDS)

|:| Affidavit(s)/ Declaration{s)

[] Other

MISCELLANEOUS

|:| Suspension of action on the above-identified application is requested under 37 CFR 1.103(c) for a period of months
{Period of suspension shall not exceed 3 months; Fee under 37 CFR 1.17(i) required)

[] Other

FEES

The RCE fee under 37 CFR 1.17(e) is required by 37 CFR 1.114 when the RCE is filed.
|Z| The Director is hereby authorized to charge any underpayment of fees, or credit any overpayments, to
Deposit Account No 111410

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT REQUIRED

X Patent Practitioner Signature

Applicant Signature

EFS - Web 2.1.15
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Doc code: RCEX PTO/SB/30EFS {07-09)
Doc description: Request for Continued Examination (RCE)

Approved for use through 07/31/2012. OMB 0651-0031
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it contains a valid OMB control number.

Signature of Registered U.S. Patent Practitioner

Signature

Lance D. Smemoe/

Date (YYYY-MM-DD) E016-08-08 I

Name

|_.ance D. Smemoe

Registration Number F6152

This collection of information is required by 37 CFR 1.114. The informaticn is required to obtain or retain a benefit by the public which is to
file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is
estimated to take 12 minutes to complete, including gathering, preparing, and submitting the completed application form to the USPTO. Time
will vary depending upon the individual case. Any comments on the amount of time you require to complete this form and/or suggestions for
reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S. Department of Commerce,
P.O. Box 1450, Alexandria, VA 22313-1450.

If vou need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.

EFS - Web 2.

1.15
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Privacy Act Statement

The Privacy Act of 1974 {(P.L. 93-579) requires that you be given certain information in connection with your submission of the
attached form related to a patent application or patent. Accordingly, pursuant to the requirements of the Act, please be
advised that: (1) the general authority for the collection of this information is 35 U.S.C. 2(b)(2); (2) furnishing of the information
solicited is voluntary; and (3) the principal purpose for which the information is used by the U.S. Patent and Trademark Office
is to process and/or examine your submission related to a patent application or patent. If you do not furnish the requested
information, the U.S. Patent and Trademark Office may not be able to process and/or examine your submission, which may
result in termination of proceedings or abandonment of the application or expiration of the patent.

The information provided by you in this form will be subject to the following routine uses:

1.

The information on this form will be treated confidentially to the extent allowed under the Freedom of Information
Act (5 U.S.C. 552) and the Privacy Act (5 U.S.C. 552a). Records from this system of records may be disclosed to the
Department of Justice to determine whether the Freedom of Information Act requires disclosure of these records.

A record from this system of records may be disclosed, as a routine use, in the course of presenting evidence to a
court, magistrate, or administrative tribunal, including disclosures to opposing counsel in the course of settlement
negotiations.

A record in this system of records may be disclosed, as a routine use, tc a Member of Congress submitting a
request involving an individual, to whom the record pertains, when the individual has requested assistance from the
Member with respect to the subject matter of the record.

A record in this system of records may be disclosed, as a routine use, to a contractor of the Agency having need
for the information in order to perform a contract. Recipients of information shall be required to comply with the
requirements of the Privacy Act of 1974, as amended, pursuant to 5 U.S.C. 552a(m).

A record related to an International Application filed under the Patent Cooperation Treaty in this system of records
may be disclosed, as a routine use, to the International Bureau of the World Intellectual Property Organization,
pursuant to the Patent Cooperation Treaty.

A record in this system of records may be disclosed, as a routine use, to another federal agency for purposes of
National Security review (35 U.S.C. 181) and for review pursuant to the Atomic Energy Act (42 U.S.C. 218(c)).

A record from this system of records may be disclosed, as a routine use, to the Administrator, General Services,
or his/her designee, during an inspection of records conducted by GSA as part of that agency's responsibility to
recommend improvements in records management practices and programs, under authority of 44 U.S.C. 2904 and
2906. Such disclosure shall be made in accordance with the GSA regulations governing inspection of records for this
purpose, and any other relevant (i.e., GSA or Commerce) directive. Such disclosure shall not be used to make
determinations about individuals.

A record from this system of records may be disclosed, as a routine use, to the public after either publication of
the application pursuant to 35 U.S.C. 122(b) or issuance of a patent pursuant to 35 U.S.C. 151. Further, a record may
be disclosed, subject to the limitations of 37 CFR 1.14, as a routine use, to the public if the record was filed in an
application which became abandoned or in which the proceedings were terminated and which application is
referenced by either a published application, an application cpen to public inspections or an issued patent.

A record from this system of records may be disclosed, as a routine use, to a Federal, State, or local law
enforcement agency, if the USPTO becomes aware of a violation or potential violation of law or regulation.
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REMARKS
In the Office Action dated March 9, 2017, Claims 2-31 were rejected, as discussed below. In
this Amendment, claims 2, 28, and 31 are amended, and new claims 32-41 are added. No new matter
is added. After the amendments, claims 2-41 are pending for consideration. Claims 2, 28, 31, and 37

are independent claims.

Telephone Interview
Applicant thanks the Examiner for the courteous and helpful telephone interview held on

July 25, 2017 (summarized above).

Response to Double Patenting Rejection
Claim 2 is rejected on the ground of non-statutory (obviousness-type) double patenting
over claims 1 and 8 of U.S. Patent No. 8,676,877. Applicant respectfully requests that the double

patenting rejection be held in abeyance until the other rejections are overcome.

Response to Rejections under 35 U.S.C. § 103

The Office Action rejects Claims 2, and 4-31 under 35 U.S.C. § 103, arguing that they
are unpatentable in view of U.S. Publication No. 2005/0021751 to Block and U.S. Patent No.
8,601,101 to Singh. Applicant respectfully traverses the rejections.

Applicant has amended the claims in an effort to expedite allowance of the application.
No new matter is added. The claims as amended recite that the program code for the single-node
kernel causes a hardware processor to evaluate mathematical expressions and to produce results
of mathematical expression evaluation. Amended claim 1 recites a mechanism for the nodes to
communicate results of mathematical expression evaluation with each other using a peer-to-peer
architecture. Amended claim 28 recites a mechanism for the nodes to communicate results of
mathematical expression evaluation with each other using asynchronous calls. Amended claim
31 recites a mechanism for the nodes to communicate results of mathematical expression
evaluation with each other. The amended claims recite that at least one of the nodes is
configured to return at least one result of evaluation to a user interface or a script.

The amended claims are patentable over the cited references because the cited references

in combination do not disclose the computer cluster with the unique combination of features
-10-
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recited in each claim. For example, the cited references do not disclose at least the combination
of features identified in the preceding paragraph. Neither Block nor Singh discloses a computer
cluster node having a mechanism for communicating results of mathematical expression
evaluation with other nodes of the computer cluster or a computer cluster node that returns at
least one result of mathematical expression evaluation to a user interface or a script. For
example, Singh does not disclose that the nodes return results of mathematical expression
evaluation to the cluster configuration service 1510 described in column 14, lines 61-66 of the
reference.

For at least these reasons, Applicant respectfully submits that Claims 2-31 are allowable
over the cited references and respectfully requests that the rejections of these claims be

withdrawn.

New claims 32-41

New claims 32-41 are added. No new matter is added. Dependent claims 32-36 are
patentable because each depends from a patentable claim and because each recites additional
combinations of features that are patentable. New independent claim 37 is patentable because the
cited references do not disclose a computer cluster node with the combination of functionality
recited in claim 37. Dependent claims 38-41 are patentable because of their dependence on claim

37 and because each recites additional combinations of features that are patentable.

No Disclaimers or Disavowals

Applicant respectfully submits that the claims are in condition for allowance.
Furthermore, any remarks in support of patentability of one claim should not be imputed to any
other claim, even if similar terminology is used. Any remarks referring to only a portion of a
claim should not be understood to base patentability on that portion or that the limitation
discussed is essential or critical; rather, patentability must rest on each claim taken as a whole.
Applicant respectfully traverses each of the Examiner’s rejections and each of the Examiner’s
assertions regarding what the prior art shows or teaches, even if not expressly discussed herein.
Although the present communication may include alterations to the application or claims, or
characterizations of claim scope or referenced art, applicant is not conceding in this application

that previously pending claims are not patentable over the cited references. Rather, any
-11-
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alterations or characterizations are being made to facilitate expeditious prosecution of this
application. Applicant reserves the right to pursue at a later date any previously pending or other
broader or narrower claims that capture any subject matter supported by the present disclosure,
including subject matter found to be specifically disclaimed herein or by any prior prosecution.
Accordingly, reviewers of this or any parent, child or related prosecution history shall not
reasonably infer that applicant has made any disclaimers or disavowals of any subject matter
supported by the present application.
CONCLUSION

For the foregoing reasons, it is respectfully submitted that the rejections set forth in the
outstanding Office Action are inapplicable to the present claims. Accordingly, issuance of a Notice
of Allowance is requested.

The undersigned has made a good faith effort to respond to all of the rejections in the case
and to place the claims in condition for immediate allowance. Nevertheless, if any undeveloped
issues remain or if any issues require clarification, the Examiner is respectfully requested to call the
undersigned at 949-721-5280.

Please charge any additional fees, including any fees for additional extension of time, or
credit overpayment to Deposit Account No. 11-1410.

Respectfully submitted,

KNOBBE, MARTENS, OLSON & BEAR, LLP

Dated: August 8, 2017 By:/Lance D. Smemoe/
Lance D. Smemoe
Registration No. 66,152
Attorney of Record
Customer No. 20995
(949) 760-0404

25486182

-12-
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SUMMARY OF INTERVIEW

Attendees, Date and Type of Interview

A telephonic interview was conducted on July 25, 2017 and attended by Examiner

Hermon Asres and Applicant’s representative, Lance D. Smemoe (reg. no. 66,152).

Exhibits and/or Demonstrations

None

Identification of Claims Discussed

The pending claims, including claim 1, were discussed. New claim 34 as set forth in the

claim amendments presented herein was also discussed.

Identification of Cited/Disclosed Art Discussed
The art of record, including U.S. Patent No. 8,601,101 (Singh) and U.S. Patent
Application Publication No. 2005/0021751 (Block et al.), was discussed.

Proposed Amendments

Substantially as set forth herein.

Principal Arguments and Other Matters

The claims as amended recite subject matter that is novel and non-obvious in view of the

art of record. Specific arguments are set forth in the following remarks.

Results of Interview

The examiner indicated that the arguments and amendments appeared to overcome the
rejections. The examiner will reconsider the allowability of the claims after the Applicant files a

formal response.
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AMENDMENTS TO THE CLAIMS
The following listing of the claims replaces all previous listings of the claims.
1. (Canceled)
2. (Currently amended) A computer cluster comprising:
a plurality of nodes comprising a hardware processor, wherein one or more of the

nodes are configured to receive reeerves—a command to start a cluster initialization

process for the computer cluster, and wherein each of the nodes is configured to access a
non-transitory computer-readable medium comprising program code for a single-node
kernel that, when executed, causes the hardware processor to interpret user instructions,

to evaluate mathematical expressions, and to produce results of mathematical expression

evaluation; and

a mechanism for the nodes to communicate results of mathematical expression

evaluation with each other using a peer-to-peer architecture;

wherein at least one of the nodes retarns—a—+result is configured to return at least

one result of mathematical expression evaluation to a user interface or a script.

3. (Previously presented) The computer cluster of claim 2, wherein the single-node
kernel comprises a Mathematica kernel.

4 (Previously presented) The computer cluster of claim 2, wherein the mechanism
comprises a message passing interface.

5. (Previously presented) The computer cluster of claim 2, wherein each of the
nodes comprises one or more cluster node modules.

0. (Previously presented) The computer cluster of claim 2, wherein each single-node
kernel is stored in a non-transitory computer-readable medium and configured to accept and
execute a request.

7. (Previously presented) The computer cluster of claim 6, wherein each of the
nodes comprises one or more cluster node modules, wherein each of the cluster node modules
comprises instructions stored in a non-transitory computer-readable medium, and wherein the
instructions, when executed by the hardware processor, cause the cluster node module to
communicate with the single-node kernel and with one or more other cluster node modules.

8. (Previously presented) The computer cluster of claim 7, wherein the plurality of

cluster node modules act as a cluster.
2.

Ex.1002 / Page 389 of 664



Application No.: 14/181,112
Filing Date: February 14, 2014

9. (Previously presented) The computer cluster of claim 7, wherein the plurality of
cluster node modules communicate with one another to act as a cluster.

10.  (Previously presented) The computer cluster of claim 9, wherein the computer
cluster includes the user interface.

11.  (Previously presented) The computer cluster of claim 10, wherein each cluster
node module accepts instructions from the user interface and interprets one or more of the
instructions.

12.  (Previously presented) The computer cluster of claim 2, wherein the cluster
initialization process comprises establishing communication among two or more of the nodes.

13. (Previously presented) The computer cluster of claim 2, wherein the cluster
initialization process comprises configuring access by one or more of the nodes to a computer-
readable medium comprising program code for the single-node kernel.

14.  (Previously presented) The computer cluster of claim 13, wherein the cluster
initialization process comprises establishing message-passing support among the nodes in the
cluster.

15.  (Previously presented) The computer cluster of claim 13, wherein the cluster
initialization process comprises launching cluster node modules by the cluster.

16.  (Previously presented) The computer cluster of claim 15, wherein the cluster
initialization process comprises assigning a processor identification number to each of the cluster
node modules.

17.  (Previously presented) The computer cluster of claim 2, wherein the cluster
initialization process comprises:

launching cluster node modules by the cluster; and

after launching the cluster node modules, configuring access by one or more of
the nodes to a non-transitory computer-readable medium comprising program code for
the single-node kernel.

18.  (Previously presented) The computer cluster of claim 2, wherein the cluster
initialization process comprises:

launching cluster node modules by the cluster;
after launching the cluster node modules, establishing communication among two

or more of the nodes; and
-3-

Ex.1002 / Page 390 of 664



Application No.: 14/181,112
Filing Date: February 14, 2014

after establishing communication among two or more of the nodes, assigning a
processor identification number to each of the cluster node modules.

19.  (Previously presented) The computer cluster of claim 2, wherein one or more of
the nodes are configured to communicate at least some of the user instructions.

20.  (Previously presented) The computer cluster of claim 19, wherein one or more of
the nodes are configured to communicate at least some of the user instructions to one or more
single-node kernels.

21.  (Previously presented) The computer cluster of claim 2, wherein one or more of
the nodes are configured to accept user instructions via one or more of the nodes.

22. (Previously presented) The computer cluster of claim 21, wherein one or more of
the nodes are configured to communicate at least some of the user instructions using the
mechanism for the nodes to communicate with each other.

23.  (Previously presented) The computer cluster of claim 2, wherein one or more of
the nodes are configured to transmit at least some of the user instructions that originate from a
user interface.

24.  (Previously presented) The computer cluster of claim 2, wherein one or more of
the nodes are configured to parallelize at least some of the user instructions before
communicating at least some of the user instructions to one or more single-node kernels.

25.  (Previously presented) The computer cluster of claim 2, wherein one or more of
the nodes are configured to accept user instructions before communicating at least some of the
user instructions to one or more single-node kernels.

26.  (Previously presented) The computer cluster of claim 2, wherein one or more of
the nodes are configured to:

accept user instructions;

after accepting user instructions, communicate at least some of the user
instructions using the mechanism for the nodes to communicate with each other; and

after communicating at least some of the user instructions using the mechanism,
communicate at least some of the user instructions to one or more single-node kernels.

27.  (Previously presented) The computer cluster of claim 2, wherein the plurality of
nodes are configured to communicate with one another to interpret and translate commands for

execution by a plurality of single-node kernels.
-4-
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28. (Currently amended) A computer cluster comprising:
a plurality of nodes, wherein one or more of the nodes are configured to receive:

a command to start a cluster initialization process for the computer cluster,
wherein the cluster initialization process comprises establishing communication
among two or more of the nodes; and

an instruction from a user interface or a script;
and

a mechanism for the nodes to communicate results of mathematical expression

evaluation with each other using asynchronous calls;
wherein each of the nodes is configured to access a non-transitory computer-
readable medium comprising program code for a single-node kernel configured to

interpret user instructions, to evaluate mathematical expressions, and to produce results

of mathematical expression evaluation; and

wherein at least one of the nodes returas—a—+esult is configured to return at least

one result of mathematical expression evaluation to the user interface or the script.

29.  (Previously presented) The computer cluster of claim 28, wherein the
asynchronous calls comprise a first command to create a first packet containing:
an expression to be sent as payload; and
a target node where the expression should be sent;
wherein the first command is configured to be called from within a single-node
kernel;
wherein the single-node kernel is configured to send the first packet to a local
cluster node module; and
wherein the local cluster node module is configured to forward the expression to
the target node.
30.  (Previously presented) The computer cluster of claim 29, wherein the
asynchronous calls comprise a second command to create a second packet containing:
a location where the expression is expected to be received; and
a sending node from which the expression is expected to be received;
wherein the second command is configured to be called from within a single-node

kernel,
-5-
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wherein the single-node kernel is configured to send the second packet to a local
cluster node module; and

wherein the local cluster node module is configured to store the second packet
contents in a message receiving queue.
31. (Currently amended) A computer cluster comprising:

a plurality of nodes, wherein one or more of the nodes are configured to receive:

a command to start a cluster initialization process for the computer cluster,
wherein the cluster initialization process comprises establishing communication
among two or more of the nodes; and

an instruction from a user interface or a script;
and

a mechanism for the nodes to communicate results of mathematical expression

evaluation with each other;
wherein each of the nodes is configured to access a non-transitory computer-
readable medium comprising program code for a single-node kernel configured to

interpret user instructions, to evaluate mathematical expressions, to produce results of

mathematical expression evaluation, and to interpret the user instructions into commands

that are executable by a special purpose microprocessor; and

wherein at least one of the nodes returas—a—+esudt is configured to return at least

one result of evaluation to the user interface or the script.

32. (New) The computer cluster of claim 5, wherein each of the plurality of nodes
implements asynchronous calls that enable the single-node kernel to perform computation tasks
while the cluster node modules are simultaneously communicating with one another.

33.  (New) The computer cluster of claim 5, wherein intercommunication among the
plurality of single-node kernels during thread execution is enabled by the plurality of cluster
node modules, and wherein the computer cluster is configured to permit exchange of information
between nodes during the course of a parallel computation.

34.  (New) The computer cluster of claim 5, wherein each of the single-node kernels
are configured to call a send command involving creating a packet containing:

an expression to be sent as payload; and

where the expression should be sent;
-6-
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wherein, upon reception of the send command by a local cluster node module
associated with the single-node kernel, the local cluster node module is configured to
decode the packet and forward a payload to the cluster node module specified in the
packet;

wherein each of the single-node kernels is configured to call a receipt command
involving creating a packet specifying which message to test for completion and to then
wait for a reply expression to evaluate;

wherein, upon reception of the receipt command by the local cluster node module
associated with the single-node kernel, the local cluster node module is configured to
decode the packet and use a message specifier to search for any matching expressions
listed as completed in a received message queue,

wherein, upon determining that such a completed expression is found, the local
cluster node module is configured to send the completed expression to a local single-
node kernel associated with the cluster node module in response to the receipt command,
and

wherein each of the single-node kernels is configured to receive the completed
expression and to update variables used by the single-node kernel during evaluation of
expressions.

35. (New) The computer cluster of claim 2, wherein the plurality of nodes are
configured to permit exchange of information between nodes during the course of parallel
computation.

36.  (New) The computer cluster of claim 2, wherein each of the plurality of nodes
comprises instructions executable by the hardware processor and configured to implement
asynchronous behavior, wherein the instructions comprise:

a first instruction to asynchronously send a payload to another node;
a second instruction to asynchronously receive a payload from another node; and
a third instruction to search for a payload matching a message specifier.

37. (New) A computer cluster node for evaluating expressions in parallel with other
computer cluster nodes, the computer cluster node comprising;:

a hardware processor configured to access one or more non-transitory memory

devices comprising program code for a single-node kernel that, when executed, causes
J7-
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the hardware processor to interpret user instructions, to evaluate mathematical

expressions, and to produce results of mathematical expression evaluation;

a user connection interface configured to receive a command to start a cluster
initialization process for a computer cluster; and

a mechanism to communicate results of evaluation with other computer cluster
nodes using a peer-to-peer architecture;

wherein the user connection interface is configured to return at least one result of
mathematical expression evaluation to a user interface or a script.

38. (New) The computer cluster node of claim 37, wherein the one or more non-
transitory memory devices comprise program code for performing a parallel fast Fourier
transform, wherein the program code causes the hardware processor to evaluate a command to
perform a Fourier transform on an array comprising a first data portion that is stored on the
computer cluster node and a second data portion that is not stored on the computer cluster node.

39. (New) The computer cluster node of claim 37, wherein the computer cluster node
is configured to permit exchange of information with other computer cluster nodes during the
course of parallel computation.

40.  (New) The computer cluster node of claim 37, wherein the computer cluster node
comprises instructions executable by the hardware processor and configured to implement
asynchronous behavior, wherein the instructions comprise:

a first instruction to asynchronously send a payload to another node;
a second instruction to asynchronously receive a payload from another node; and
a third instruction to search for a payload matching a message specifier.

41.  (New) The computer cluster node of claim 37, wherein the hardware processor

comprises a special purpose microprocessor.
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Dear Sir:
In response to the Office Action dated March 9, 2017, please reconsider the rejections in
view of the following remarks.
Amendments to the Claims are reflected in the listing of claims which begins on page 2.
Summary of Interview begins on page 9.

Remarks/Arguments begin on page 10.
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Technique for network management

Field of the invention

The present invention relates to the field of client/server interaction in
computing systems, where, for example, one computing device (“the
client”) requests another computing device (“the server”) to perform part
of the client’s work. More particularly, the present invention relates to the

computing systems serving telecommunication networks .

Background of the invention

A so-called “distributed” computing allows implementing the known
principle of client/server interaction.

The distributed computing allows one process (a "client") running on a
machine to delegéte some of its work to another process (a "server")
running on another machine that might be, for example, better suited to
perform that work. The client and server might also be two processes
running on the same physical machine.

The benefits of client/server computing have been even further
enhanced by the use of a well-known computer programming technology
called Common Object Request Broker Architecture, (or CORBA for
short), which allows an object oriented programming (OOP) client and a
server to be located on different (heterogeneous) "platforms". CORBA
provides the object-oriented bridge between the client and the server. A
platform is a combination of the specific hardware/software/operating
system/communication protocol, which a machine uses to do its work.

CORBA allows the client application program and server application
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2
program to operate on their own platforms without worrying how the
client application's work requests will be communicated and accepted by
the server application. Likewise, the server application does not have to
worry about how the CORBA system will receive, translate and send the
server application's processing results back to the requesting client
application.

Details of how CORBA techniques have been integrated with
heterogeneous client/server systems are explained in U.S. Pat.
No.5,440,744 and European Published Patent Application No. EP 0
677,943 A2. These latter two publications are hereby incorporated by
reference. However, an example of the basic architecture will be given
below for contextual understanding of the described environment. In this
example, the client and server are on different machines, but, the same
software architecture applies like they are on the same machine.

As shown in FIG. 1, the client computer has an application program 40
running on its operating system. The application program 40 will
periodically require work to be performed on the server computer 20
and/or data to be returned from the server 20 for subsequent use by the
application program 40. It is irrelevant whether the requests for
communications services to be carried out by the server are instigated by
user interaction with the first application program 40, or whether the
application program 40 operates independently of user interaction and
makes the requests automatically during the running of the program.

When the client computer 10 wishes to make a request for the server
computer 20's services, the first application program 40 informs the first
logic means 50 of the service required. The first logic means 50 then
handles the task of finding and establishing the mnecessary

communications with the second computer 20. The connection with the
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3
server computer 20 is established via the connection means 80, and a
request is subsequently sent of to the second logic means 90.

The second logic means 90 then passes the request on to the second
application program 100 (service application program) running on the
server computer 20 so that the service application 100 can perform the
specific task required by that request, such as running a data retrieval
procedure. Once this task has been completed, the service application
may need to send results back to the first computer 10. Oftentimes,
duplication of server resources (in the form of plural servers) is provided
to enable "the server" to handle a large number of simultaneous client
requests and to provide for fault tolerance (if one server is defective
another can "step in" and take over). The clients think they are
communicating with a single "server", but in fact, a plurality (or group) of
servers is actually handling the requests (these servers could be located
on separate machines, or they could be separate processes'running on the
same machine). In this context, client requests destined for "the server"
are directed to a central gateway or a network manager (common to all of
the server machines making up "the server") which performs workload
management and load balancing to distribute client requests to the various
servers in the group according to any well-known workload balancing
policy (or combination of a plurality thereof), such as the round robin
policy, where each server is assigned a request in turn. The current
workload of each server in the group is also a common factor used in
scheduling a new request (i.e., a new request is assigned to a server with a
low current workload, wherein the current workload of a server is
estimated based on a number of requests sent by the client to this specific

server). Specific details of the balancing policy/policies to be used are
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4
selected by the person configuring "the server" system architecture,
typically by a systems administrator.

US patent 6,003,083 describes a group of object servers configured
for workload management (shown in Fig. 2). A suitable method of
performing workload management amongst a group of server objects
within an object-oriented client/server computing environment, includes
steps of: 1) receiving a client request; 2) accessing a pointer previously
exported by the group of servers, the pointer pointing to a workload
management unit; 3) performing workload management using the
workload management unit on the client request in order to select which
server of the group should be used to satisfy the request, and 4)
forwarding the client request to the selected server.

In Fig. 2, the server group 23 exports an interoperable object reference
(IOR) to each client 21a-21c so that the clients will know how to contact
the server group in order to make a request thereof. When a client 21b
makes a request to the server group 23, the client first contacts the server
process containing an IP router 22. IP router 22 then uses workload
management policies to make a decision as to which object server in the
group should be selected to serve this particular client request. This
workload management decision takes place at the TCP/IP level. That is,
the IP router 22 looks at the IP addresses (IP1 to IPn) for each object
server 1-n in the server group 23, makes a workload management
decision to select a particular object server in the server group and then
simply forwards on the request from IPR to the IP address of the selected
object server. The router 22 performs workload balancing amongst the IP
addresses of the various object servers in the server group 23.
Alternatively, the workload management can be performed by

pointing the requesting client to a dynamic domain name server (DNS).
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It should be emphasized that the manager unit such as IP router or

dynamic domain server forwards each particular request to a specific
Server.

To the best of the Applicant’s knowledge, in all presently known

solutions using distributed computing, a client’s request has always been

treated as an integral entity.

Object of the invention
It is the object of the present invention to provide a way of
allowing a greater number of clients to access the resources of a workload

managed server group in a more efficient (robust) way.

Summary of the invention

The idea proposed by the Inventors can be formulated in a
number of aspects.

According to the first aspect of the invention, there is
proposed a technology for a distributed client/server computing system
comprising a number of clients and a group (cluster) of K servers
managed by a servers manager, wherein
a client’s request (a task) having sub-task granularity is decomposed at
the management level of the servers group (preferably at the servers
manager) to obtain a number L of sub-tasks having identical characters;
communication links are established and maintained between the servers
manager and said K servers of the group for a time period not less than
the period of handling the initial task,
the sub-tasks are distributed by the servers manager between the servers
for execution, via the mentioned constantly maintained communication

links,
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replies of the servers upon execution of the sub-tasks are collected by
said servers manager using the communication links, and composed so as
to obtain a result of execution of the initial task.

The distinctive features of the inventive concept are in that
each of the servers takes care of one or more sub-tasks of the initial task
received by the servers manager, and in that the communication links are
established in advance (preferably, even before the first task is obtained)
and maintained constantly active, at least while performing the sub-tasks
up to completing the task.

Preferably, the above-described client-server computing

system is a Network Management System (NMS).
It should be noted that a number of various servers (servers managers,
with or without a lower level group or cluster of servers, respectively
suitable for different tasks) might change in the NMS in a dynamic
manner. Say, an additional server to a cluster can be created in the NMS
on demand.

According to the preferred implementation of the above
technology, the method is performed by using CORBA tools.

It should be mentioned that CORBA, as a rule, keeps open a
communication link between a client and a server, when a task is
forwarded to the server for execution. However, if load balancing
operations are to be performed, i.e., when tasks are to be distributed
between different servers according to the known methods such as those
mentioned in the background, a particular connection (communication)
link is established “ad hoc” with one of the potential servers, so that to
close it after the task is completed.

In the proposed method, more than one communication

links are opened and maintained open simultaneously between the
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servers’ manager and the servers, for example to perform a number of
subtasks extracted from the initial task.

Optionally and preferably, the character of the sub-tasks may
be identical to character of the initial task.

Since the servers of the group in the proposed concept
perform relatively short sub-task(s) and may substitute one another if one
of them fails, the system has a high degree of fault tolerance and almost
does not reduce its performance in such a critical case. Indeed, if one
server fails and another server is made to perform the sub-task of the
faulty server, the total lost of processing time is qliite low since the
sub-tasks are relatively short. Contrary to that, in a regular client-server
system with a number of servers processing non-granulated tasks, both
the fault tolerance and the performance speed strongly depend on
duration of the tasks. Therefore, in case one of the servers fail in the
regular client-server system, the longer the task the slower the
performance.

Preferably, the computing system is oriented to the purposes
of network management. The clients, the servers manager and the servers
may be positioned at platforms situated at different locations in a
telecommunication network. However, according to the preferred
embodiment, the clients, the servers manager and the group of servers are
situated at one and the same location and form together a network
management system (NMS) responsible for the whole telecommunication
network.

It should be noted that the number of sub-tasks formed from
the initial task may be and is preferably greater than the number of
servers in the group (said servers being capable of executing tasks and

sub-tasks of a particular character).
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The sub-tasks may be distributed to the servers by portions,
wherein each portion comprises one or more sub-tasks to be executed in
parallel at a suitable server.

It is proposed that the step of distribution of the sub-tasks
between the servers for execution be performed on a first-to reply basis,
i.e. the server, which faster reports that one or more sub-tasks (previously
forwarded to it) has been executed, receives one or more additional
sub-tasks from the servers manager. This feature is considered one of the
novel features of the proposed invention since, contrary to the known
approach where a new request is assigned to a server with a low current
workload (i.e. with a low number of requests sent to the server up to the
moment), the Inventors propose assigning one or more sub-tasks from a
queue to a server which may have a relatively high current workload, but
working faster.

This approach enables judging about efficiency of the server in a very
simple way, namely - based on receiving its response that a part of the
previously obtained work is executed.

In view of the above, and according to a second aspect of the
invention, there is also proposed a technology for managing a plurality of
communication tasks, which technology includes:

receiving a plurality of communication tasks at a servers
manager; distributing said plurality of communication tasks from said
servers manager to a plurality of K servers ;

receiving, at the servers manager, a new task in addition to
said plurality of communication tasks; and

dispatching said new task to one of said plurality of K

servers on a first-to-reply basis.
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For both of the mentioned aspects, the technology preferably
comprises a step of pre-determining a number C of tasks or sub-tasks
which can be sent to a particular server by a particular client. Any server
is capable of performing sub-tasks (tasks) in parallel. A kind of
monitoring that a particular server performs no more than the agreed
number C sub-tasks (tasks) for a specific client is performed at the servers
manager, by dispatching the sub-tasks (tasks) and further, if
non-dispatched sub-tasks (tasks) still remain, by the above-mentioned
first-to reply load balancing. Actually, after the number C has been
reached, the client (via its SM) is allowed to add no more tasks or
sub-tasks to its specific server, then the number of replies on the executed
tasks/subtasks which have been received from said server.

Before distributing the plurality of communication tasks to
the plurality of K servers, the technology preferably comprises opening K
communication links between each of the respective K servers and the
servers manager and maintaining them open up to the last of said tasks is
executed.

Preferably, at least a number of said plurality of
communication tasks have sub-task granularity, where said number is an
integer greater than one, and the technology also comprises the steps of:

dismantling each of said number of communication tasks
having sub-task granularity into a plurality of sub-tasks having the same
character to provide a total of X separate sub-tasks, where X is an integer
greater than one;

providing said X separate sub-tasks to said at least some of
the plurality of K servers;

performing said X separate sub-tasks to obtain a series of

results;
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collecting and processing said series of results to obtain said
number of final results to the communication tasks having sub-task
granularity.

The above technology is also preferably performable by
using CORBA tools.

According to any one of the above aspects, the step of
collecting replies (results) from the servers is followed by identifying and
arranging the replies to compose the result of execution of the initial task,
and further forwarding the result to the client, from which the request
(task) 'Was received. The above steps are preferably performed at the
servers manager, and the servers manager generally comprises a
granulating block responsible for disassembling the task into the
sub-tasks (if possible), and a dispatcher block or proxy which is
responsible for distributing the sub-tasks between the servers; in the
opposite direction, the dispatcher block (proxy) takes care of collecting
the replies from the servers, and the granulating block is capable of
assembling the result of execution of the initial task from the replies
received from the servers.

The tasks which are preferably considered in the frame of
the present invention are tasks having sub-task granularity.

The tasks to be carried out by the proposed technology
preferably, though not exclusively, are so-called communication tasks
being typical for network management.

For example, a task of determining a communication trail
can be presented as a task having the sub-task granularity since, to
determine a particular trail, a number of sub-trails are to be pointed out

and computed, and the process of computing any of the sub-trails has the
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same character and’ features as the process of computing another of the
sub-trails.

However, tasks which do not have the sub-task-granularity
but have the character suitable for the group of servers can still be
handled by the proposed system; such tasks can be distributed (per task)
between the servers by the servers manager; the loading balance may be
performed by using the proposed first to reply basis. In other words, the
proposed architecture is suitable for carrying out both the non-granulated
tasks and the granulated tasks in case that non-granulated task has the
same character as the sub-tasks. If neither server from the described
group of servers is capable of performing a specific task, or this specific
task cannot be granulated into sub-tasks suitable for the group of servers
(which may or may not be a case), the servers manager should recognize
such a fact and forward this specific task to another server capable of
handling such specific tasks. That another server may control its own
group of servers for handling the mentioned specific tasks.

Actually, there may be a kind of sub-task-granulated tasks,
where such a task can be divided into a number of sub-tasks of the same
character and a portion of the task héving a different character.

To perform such a task, the portion having a different
character can be sent to another server (like it was described for a task
having a different character) communicating with the servers manager.
This another server may (or may not) have its own group of lower level
servers.

In the frame of the present application, the client(s) from
which the servers manager receives one or more tasks is (are) preferably

represented by one or more parts of the Network Management System
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(NMS). For example, GUI (Graphical User Interface) being part of the
NMS may represent a client by visualizing a list of required trails.

Further, it should be understood that each server from the
group (cluster) of servers in the network management system NMS may
itself perform functions of the servers manager with respect to servers of
yet a lower level. Such lower level servers can be, for example, Element
Manager Systems (EMS) in the network, capable of performing requests
which are forwarded to them by one or more servers of the NMS. (EMS
is usually responsible for a number of network elements). The requests
may be performed as are, or upon being separated into sub-requests
according to the principles described above. Replies of EMS will be
collected at suitable servers. For example, if the initial task received by
the servers manager of NMS from one of its clients is to determine a trail,
servers of the NMS will process sub-trails of the trail as sub-tasks of the
initial task. Each of the sub-tasks may be presented as a request of the
server to its lowest level server (in our example, EMS) so that a number
of EMS will be capable of processing sections of the sub-trails (as
sub-requests or sub-sub-tasks). The sub-requests, upon being executed,
will be collected and then arranged into replies to sub-tasks at the servers
of the NMS.

It should be appreciated, that the Network Management
System can be built according to a multi-level model, where the described
principles of executing tasks having sub-task granularity are used at least
at one of the management levels.

The concepts of the described technology will further be

formulated both in terms of a method, and in terms of a system.
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Brief description of the drawings
The invention will further be described with the aid of the following
non-limiting drawings, in which:
Fig. 1 (prior art) illustrates one known architecture for performing the
distributed computing.
Fig. 2 (prior art) shows another known architecture that enables
performing the distributed computing with workload balancing.
Fig. 3 illustrates one embodiment of architecture (a system) that enables
network management according to the invention, using the method of
distributed computing.
Fig. 4 schematically illustrates another embodiment of a system
according to the present invention, with a multi-level management

principle.

Detailed description of the preferred embodiments

Fig. 3 illustrates an embodiment of a network architecture capable of
implementing the inventive method. Network Management System NMS
(marked 31) is responsible for a combined network comprising
SDH/SONET, data and ATM network sections. Element Manager
Systems ( “N”” EMS .k blocks marked 32.1 — 32.N) are controlled by the
NMS 31. On the other hand, each EMS controls its related network
element(s) NE and/or a suitable network section. Operation of the
Network Management System 31 should be understood as a process of
handling requests (tasks) received from clients which, in this example, are
represented by GUI (Graphical User Interfaces) 30.1 and 30.2 forming
part of the NMS 31. GUI is in communication with a human operator on

one hand, and with a network via a number of servers on the other hand.
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In this particular example we discuss telecommunication tasks having
sub-task granularity. The sub-tasks are such fragments of the task, which
have the same character and therefore need similar means for their
execution. According to the invention, the sub-tasks can be separated
from the task and handled in parallel, using a number of similar
processing means in the NMS. For example, if any of the clients (GUI)
applies to the NMS with a task of determining a trail, it can be divided
into a number of sub-tasks of determining sub-trails. If both clients apply |
with such tasks, both of the tasks will be divided into similar sub-tasks.
The clients are connected to a processor called Server Manager (SM
marked 33) of the NMS 31, where a granulator/degranulator 33.1 is
responsible for de-granulating the task(s) into a number of sub-tasks, and
a dispatcher 33.2 is responsible for temporary storing and distributing the
sub-tasks between a group of K lower level processors ( servers) S1 — SK
marked 34.1 — 34.K. Small squares indicated in the servers 34 symbolize
their hardware/software means capable of carrying out various sub-tasks.
Sets of sub-tasks in the servers 34 are similar, and correspond to the set of
tasks, which the Servers Manager 33 is operative to resolve. Actually,
NMS 31 may be adapted for resolving other tasks, by means of other
processing means, for example by means of an additional servers
manager (31) and its group of servers (33). Communication links, which
can be established between the server manager SM 33 and the servers S1-

S.K, are indicated as 35.1 —35.K.

When a task is received at the Servers Manager SM 33, the SM is
perceived by the client as its direct server. Actually, the servers manager
SM 33, acts as a proxy responsible for distributing the sub-tasks between

servers 341, 34.2, ...34K for execution. A number of communication
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links 35 (so-called network interface) already exists between the SM and
a group of relevant servers, and the distribution is performed upon
selecting the servers by the SM when the task is received.

The sub-tasks can be distributed by portions of one or more sub-tasks per
one server. Results of the execution are received by the SM 33 via the
links 35 which remain active. The sub-tasks which remain not yet
distributed, can be sent to one or more servers by the SM 33 according to
a so-called first-to-reply principle of workload balance proposed by the
Inventors, i.e. the faster a particular server works, the more additional
sub-tasks it receives for execution. The system usually sets a limitation on
a number ( C ) of sub-tasks which can be sent in parallel by a particular
client (GUI in this example) to a specific server. It should be noted that
usually, the similar limitation can be set for another client so that each
particular server may serve different clients while the load balancing can
be performed either per client, or per a common pool of sub-tasks. For
example, the SM 33, while handling a firstly received task or a couple of
tasks, may start carrying out one or more further tasks having the
character suitable for taking care by the servers 34.1 — 34.K. Such an
additional task may, for example, arrive from another client (say, GUI
30.2). It is important, that while some of the servers terminate handling
sub-tasks of one task, some of the servers may already start handling
sub-tasks of another task. Actually, a number of tasks may be received
and de-granulated into a pool of sub-tasks, and these sub-tasks may be
dispatched by the SM 33 between the servers of the group. SM 33 will
then be responsible for tracking the relationship: which sub-task relates
to which task (and, of course, to which client).

In this example, the SM 33 is responsible for collecting replies from the

servers (block 33.2) and for combining the replies into an integrated
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response to the task (block 33.1) that is then sent to the client (GUI) frofn
which the task was received. Based on the resulting reply to the task,
NMS 31 may initiate control of the suitable network sections. Ways of
implementation of the task solution obtained in the NMS are not
discussed in detail in the present application. Schematically, direction of
implementing the obtained solution is illustrated by arrows outgoing from
the NMS 31 towards Element Management Systems EMS 32.1 — 32.N-+1.
For example, in the most usual network task “create/activate path®, the
path can be “created” by a pathfinder utilizing SM 33 and servers 34, and
then “activated” via another servers manager (SM 43) associated to it
lower level servers (44.1 ...44.P) respectively connected to a plurality of
EMS 32 (one dotted connection is shown). The server managers 33 and

43 may be interconnected directly, that option is illustrated in Fig. 4.

Fig. 4 shows yet another example of NMS architecture. The servers
manager SM 33 is connected to one group of servers 34 (34.1...34.K).
Let the servers manager SM 33 comprises a task discriminator and a task
portion discriminator (not shown). In this configuration, the servers
manager SM 33 is also connected to an additional servers manager SM 37
of the same level, and the SM 37 has a further group of servers 38.1, 38.2
of the lower level. Such an additional server 37 with its group of servers
may be intended, for example, for handling tasks or task portions having
the character different than that of the tasks/subtasks which can be
handled by servers 33 and 34. The SM 37 may receive its work both
independently (from a particular client), or from the SM 33. The tasks
assigned to the SM 37 may be granulated or not; may be dispatched to the
servers 38.1-38.2 or not.‘ The distribution (dispatching) thereof to the
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servers 38.1, 38.2 can also be performed on the first to reply basis. Tasks
that by any reason arrived to the SM37 (or portions of such tasks), but
which are unsuitable for treatment by the SM37, can be forwarded to
another server of the same level. This function can be implemented in the
SM 33 by cooperation of the task/task portion discriminator and a
dispatcher/proxy (not shown). A bi-directional arrow between the blocks
33 and 37 illustrates the mentioned option, though yet another SM of the
same level may exist for intercepting tasks differing both from those
handled by SM 37, and those handled by SM 33.

For example, GUI presents a task of determining a trail through two
different types of network. This task can be de-granulated at SM33 so
that SM33 with its group of servers be responsible for carrying out the
portion of task relating to one type of the network, while an additional
one or more servers would be intended for performing a remaining
portion of the task related to the other network type.

In another example, GUI may send to SM 37 a task “create/activate a
path”. The SM 37 finds the path consisting of a number of path sections
defined by servers 38.1 and 38.2, and sends description of the defined
path to the SM 33 for activation; the activation is performed by utilizing
servers_34.1 — 34.K and a number of suitable EMS of the lower level
which create real connections in and between the required network
elements. The proposed features of granulating the task, dispatching
sub-tasks between the servers via open links and maintaining load

balance are applicable in this case as well.

All the communication links 35 (interface) established in the NMS 3 1lare
maintained active during the time of execution of all the tasks, sub-tasks

and sub-sub-tasks, and returning the results to the SM 33.
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To this end, Fig. 4 illustrates a multi-level management system,
comprising the architecture where the servers S1 — SK represent middle
level managers which are provided, in turn, with a plurality of lower level
management blocks. Such lower level management blocks may be, for
example, Element Management Systems: EMSA, EMSAL,.... EMSZ,
EMSZ.1 For example, these EMSA — EMSZ blocks are management
systems of network elements, every EMS is responsible for network
elements inside a particular network section if it is included in the
sub-trail which is processed by the suitable server S1 — SM. Any of the
servers S1 — SM is capable of managing the sub-tasks in such a manner
that those sub-tasks which have sub-sub-task granularity can be
distributed between the EMSA — EMSZ servers by portions of the
sub-tasks, i.e. by sub-sub-tasks. The middle level servers may utilize all
the features described above with respect to the higher level of the
network management, such as the feature of workload balancing and the
feature of maintaining the communication links active up to resuming all

the tasks received at the upper level.

It should be noted that, for performing the above-mentioned process, the
lower level managers EMSA...EMSZ controlled by servers S1 —S.K
should belong to one and the same type of network which suits to the type
handled by the SM 33. In other words, if a sub-task is to calculate a
sub-trail in the ATM network section, the EMS managers executing
portions of the sub-task may be only the EMS managers of the ATM
network sections. It is also important to note that EMS blocks are not
mutually replaceable if one of them fails, since each of them is
responsible for its specific section of the network. However, one EMS

block may serve different servers 34 if more than one particular servers
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need processing with respect to the specific network section managed by

a specific EMS (connections shown by dotted lines).

The architecture illustrated in Fig. 4 is multi-level also due to the fact that
NMS 31 can be served by two sub-NMS (SNMS) 41 and 42. In our
example, sub-NMS 41 and 42 are responsible for different sub-networks
of the network governed by NMS 31. In turn, structure of the SNMS 41
and 42 may also be multi-level.

Though the present invention has been described with the aid
of examples of particular embodiments, it should be appreciated that
other modifications of the described configurations can be proposed and
claimed based on the disclosure, and are to be considered part of the

present invention.
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CLAIMS:
1. A network management method for managing a client
requested communication task having sub-task granularity, the method
comprising steps of:

establishing K communication links with K communication
servers, where K is an integer greater than one, and maintaining all said K
communication links active

dismantling said communication task into L sub-tasks having
the same character, where L is an integer greater than one;

providing said L sub-tasks to at least some of the K
communication Servers;

performing said L sub-tasks to obtain a series of results;

processing said series of results to obtain a final result for the
communication task for further communicating said final result to the

client.

2. The method according to claim 1, further comprising the
step of maintaining load balancing among said communication servers

while performing said L sub-tasks.

3. The method according to Claim 2, wherein the load

balancing is performed on the first-to-reply basis.

4, A network management method for managing a plurality of
communication tasks, the method comprising the steps of:

receiving a plurality of communication tasks at a servers
manager; distributing said plurality of communication tasks from said

servers manager to a plurality of K servers ;

Ex.1002 / Page 418 of 664



10

15

20

25

WO 2004/086270 PCT/IL2004/000255

21
receiving, at the servers manager, a new task in addition to

said plurality of communication tasks; and
dispatching said new task to one of said plurality of K

servers on a first-to-reply basis.

5. The method according to Claim 4, comprising preliminarily
establishing communication links with at least some of said plurality of
servers, and maintaining all said communication links active up to

completing the last of said tasks.

6. The method according to claim 4 or 5, wherein two or more
of said plurality of communication tasks have sub-task granularity, and
the method also comprises the steps of:

dismantling each of said number of communication tasks
having sub-task granularity into a plurality of sub-tasks having the same
character to provide a total of X separate sub-tasks, where X is an integer
greater than one;

providing said X separate sub-tasks to said at least some of
said plurality of K servers;

performing said X separate sub-tasks to obtain a series of
results;

collecting and processing said series of results to obtain said
number of final results to the communication tasks having sub-task

granularity.

7. The method according to any one of Claims 1 to 6, further

comprising steps of
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- selecting a number C of tasks or sub-tasks allowed for dispatching from
a particular client to a particular server, and

-dispatching not more additional tasks or sub-tasks from said client to
said particular server, than a number of replies on the executed

tasks/subtasks received by said client from said server.

8. The method according to any one of Claims 2 to 7,

implementing CORBA tools.

9. A network management system for managing a client
requested communication task having sub-task granularity, the system
comprising:

a network interface operative to establish K communication
links with K communication servers and to maintain all said K
communication links active, where K is an integer greater than one; and

a servers manager being a processor operatively associated
with the network interface and operative to perform the following:

dismantle said communication task into L sub-tasks having
identical character, where L is an integer greater than one,

provide said L sub-tasks to at least some of the K
communication servers for performance of the L sub-tasks by the at least
some of the K communication servers,

receive, via the network interface, a series of results resulting from

performance of the L sub-tasks by the at least some of the K

communication servers,

process said series of results to obtain a final result to the

communication task; and
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communicate said final result to the client.
10. The system according to claim 9, wherein said processor is
also operative to maintain load balancing among said K communication

servers while performing said L sub-tasks.

11. The system according to claim 10 wherein said load

balancing is performed by said processor on the first-to-reply basis.

12. A network management system for managing a plurality of
communication tasks, the apparatus comprising:
a plurality of servers; and
a processor being a servers manager associated with said
plurality of servers and operative to perform the following:
receive said plurality of communication tasks;
distribute said plurality of communication tasks
among said plurality of servers;
receive a new task in addition to said plurality of
communication tasks; and
dispatch said new task to one of said plurality of

servers on a first-to-reply basis.

13. The system according to Claim 12, further comprising a
network interface operatively controlled by said processor and operative
to establish communication links with at least some of said plurality of
servers, and to maintain all said communication links active up to

completing performance of said tasks.
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14. The system according to claim 12 or 13, wherein at least
some of said plurality of communication tasks have sub-task granularity,
and wherein:
the servers manager being operative to dismantle each task
having sub-task granularity into a plurality of sub-tasks to provide a total
of X separate sub-tasks having the same character , where X is an integer
greater than one; and
said servers manager is also operative to dispatch said X
separate sub-tasks to said at least some of the plurality of servers for
performance thereby, and to collect and process a series of results
received from said at least some of the plurality of servers and resulting
from performance of said X separate sub-tasks, thereby to obtain final
results to the tasks having sub-task granularity, and
said servers manager is also operative to output said final results to

clients.

15. The network management system according to any one of
Claims 9 to 14, being further capable of

- selecting a number C of tasks or sub-tasks allowed for dispatching from
a particular client to a particular server, and

-dispatching not more additional tasks or sub-tasks from said client to
said particular server than a number of replies on the executed

tasks/subtasks received by said client from said server.

16. The system according to any one of Claims 9 to 15,

implementing CORBA tools.
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available from different nodes, however, when a user requests access to the large
payload file, for example, through an application server, a virtual file control system
creates an illusion that the entire file is present at the connected node. However, since
only selective portions of the large payload file may actually be resident at that node's
storage at the time of request, a cluster of distribution servers at the distribution station
may download the non-resident portions of the file as the applicationserver is servicing
the user. The download may be in parallel andusually from the least congested nodes.
New nodes added to the network learn from other nodes in the network what content
they should have and downlaod the required content, in a desired amount, onto their
local storage devices from the nearest and least congested nodes without interrupting
network operation. Each node manages its local storage and decides what content to
prune based on information such as usage patterns.
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A method and an apparatus of distributing one or more tasks
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Application No. Applicant(s)
14/181,112 TANNENBAUM ET AL.

Office Action Summary Examiner Art Unit AA (First Inventor to File)
HERMON ASRES 2449 SN‘Z‘US

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply
A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING DATE OF
THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed
after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).
Status
1) Responsive to communication(s) filed on 11/21/2016.

[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon .
2a)[X] This action is FINAL. 2b)[] This action is non-final.
3)[] An election was made by the applicant in response to a restriction requirement set forth during the interview on
___;therestriction requirement and election have been incorporated into this action.
4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*

5[ Claim(s) 2-31 is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.

6)[1 Claim(s) is/are allowed.

7)X Claim(s) 2-31 is/are rejected.

8)[] Claim(s) ____is/are objected to.

9)[] Claim(s) are subject to restriction and/or election requirement.
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
hitn /raww. usplo.gov/patents/init_events/pph/indax.jsp or send an inquiry to PPHieedback@uspto.qov.

Application Papers
10)[]] The specification is objected to by the Examiner.
11)] The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)[C] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)[J Al b)[J Some** ¢)[] None of the:
1. Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) & Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)
< . . Paper No(s)/Mail Date.
2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4 |:| Other-
Paper No(s)/Mail Date ) er:
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20170301
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DETAILED ACTION

The following is a Final office action in response to the Amendments filed

on November 21, 2016.

Claims 2, 3, 6, 7, and 10 have been amended.

Claims 12-31 have been added.

Claims 2-31 are pending.

Response to Arguments

Double Patenting Rejection

The double patenting rejection will not be withdrawn because applicant in
remarks indicated that the double patenting rejection be held in abeyance until the other

rejections are overcome.

35 U.S.C. 112 Rejections

Examiner withdraws the 112 rejection of claims 2, 6, and 7 in view of applicant’s

amendment/remarks filed on 11/21/2016.
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35 U.S.C. 101 Rejections

Examiner withdraws the 101 rejection of claims 2-11 (previously rejected for
being directed to a judicial exception without significantly more) in view of applicant’s

amendment/remarks filed on 11/21/2016.

35 U.S.C. 103 Rejections

Applicant’s argument filed 11/21/2016 has been fully considered but they are

deemed not persuasive in view of new grounds of rejection.

Double Patenting

The nonstatutory double patenting rejection is based on a judicially created
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the
unjustified or improper timewise extension of the “right to exclude” granted by a patent
and to prevent possible harassment by multiple assignees. A nonstatutory double
patenting rejection is appropriate where the claims at issue are not identical, but at least
one examined application claim is not patentably distinct from the reference claim(s)
because the examined application claim is either anticipated by, or would have been
obvious over, the reference claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d
1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir.

1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van Ornum,
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686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619
(CCPA 1970); and In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969).

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d)
may be used to overcome an actual or provisional rejection based on a nonstatutory
double patenting ground provided the reference application or patent either is shown to
be commonly owned with this application, or claims an invention made as a result of
activities undertaken within the scope of a joint research agreement. A terminal
disclaimer must be signed in compliance with 37 CFR 1.321(b).

The USPTO internet Web site contains terminal disclaimer forms which may be
used. Please visit http://www.uspto.gov/forms/. The filing date of the application will
determine what form should be used. A web-based eTerminal Disclaimer may be filled
out completely online using web-screens. An eTerminal Disclaimer that meets all
requirements is auto-processed and approved immediately upon submission. For more
information about eTerminal Disclaimers, refer to

http://www.uspto.gov/patents/process/file/efs/guidance/eTD-info-I.jsp.

Claim 2 is rejected on the ground of nonstatutory double patenting as
being unpatentable over claims 1 and 8 of U.S. Patent No. 8,676,877. Although the
conflicting claims are not identical, they are not patentably distinct from each

other because:
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Page 5

Instant Application

US Patent 8,676,877

Claim | Limitation Claim | Limitation

2,28, | A computer cluster comprising: 1and | A system for performing an

and 8 instruction received from a front
31 end by executing commands on

a plurality of nhodes, comprising a
hardware processor wherein one
or more of the nodes receives a
command to start a cluster
initialization process for the
computer cluster, and

wherein each of the nodes is
configured to access a non-
transitory computer-readable
medium comprising program code
for a single-node kernel that when
executed causes the hardware
processor to interpret user
instructions; and

a mechanism for the nodes to
communicate with each other
using a peer-to-peer architecture;
wherein at least one of the nodes
returns a result to a user interface
or a script

one or more special purpose
microprocessors, the system
comprising:

a plurality of nodes, wherein each
node is configured to access a
computer-readable memotry system
comprising program code for a
single-node kernel module, ........

wherein each cluster node module
is stored in a computer-readable
memotry system and configured to
communicate with a single-node
kernel and with one or more other
cluster node modules, to accept
instructions, and to interpret at
least some of the instructions such
that the plurality of cluster node
modules communicate with one
another in order to act as a cluster
in executing commands using one
or more hardware processors
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Claim Rejections - 35 USC § 103
The following is a quotation of pre-AlA 35 U.S.C. 103(a) which forms the basis

for all obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described
as set forth in section 102 of this title, if the differences between the subject matter sought to
be patented and the prior art are such that the subject matter as a whole would have been
obvious at the time the invention was made to a person having ordinary skill in the art to which
said subject matter pertains. Patentability shall not be negatived by the manner in which the
invention was made.

Claims 2, and 4-31 are rejected under 35 U.S.C. 103(a) as being
unpatentable over Block et al. (U.S. PGPub 2005/0021751), in view of Singh (US

Patent 8,601,101).

As per claim 2, Block teaches a computer cluster (Block, ....cluster data port
services within a cluster infrastructure. See paragraph [0025]) comprising:

a plurality of nodes, comprising a hardware processor wherein one or more of the
nodes receives a command to start a cluster initialization process for the computer
cluster, and wherein each of the nodes is configured to access a non-transitory
computer-readable medium comprising program code for a single-node kernel (Block,
..... multiple logical or TCP connections to a designated target node with designated
backup target nodes, which appears to the user (i.e., an operating system or kernel
component) like a single data port or data pipe. See paragraph [0044]) that when
executed causes the hardware processor to interpret user instructions; and a
mechanism for the nodes to communicate with each other. (Block, establishment of

multiple network connections between a source node, a target node and one or more
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backup nodes in such a manner that a cluster data port is effectively utilized as single
data port. See paragraph [0025]).

Block doesn’t explicitly teach that the nodes communicate with each other using
a peer-to-peer architecture and also that one of the nodes returns a result to a user
interface or a script. In analogous art Singh teaches nodes that communicate with each
other using a peer-to-peer architecture. (Singh, ....... each node in a cluster including a
peer-to-peer communication channel compiling and maintaining its own cluster
membership are disclosed....... each cluster node may be coupled to every other node
and commonly-accessible storage through a network. ..... Based on the cluster
membership information, the joining node may request a peer-to-peer connection with
each potential cluster member. See Column 2 line 26-38). Singh also teaches one of
the nodes returns a result to a user interface or a script (Singh, The cluster configuration
service 1510A may include a user interface to allow a system administrator to perform
various node management functions through administrative console 1500. When the
administrator makes changes to the node 240A configuration, the cluster configuration
service 1510A may record all of the modifications that are made. See Column 14 line
61-66).

Therefore it would have been obvious to one of ordinary skill in the art at the time
the invention was made to take the teaching of Singh and apply them on the teaching of
Block because when each node on the cluster communication channel is in peer-to-
peer connection, each node can detect the connection failure based on the socket

communication with the failed node and can update its cluster membership data without
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the need for a central entity to pass an updated membership list among nodes. (Singh,

See column 13 line 23-28).

As per claim 4, Block-Singh teaches wherein the mechanism comprises a
message passing interface. (Block, a single data port instance may also support target

to source message sends. See paragraph [0050]).

As per claim 5, Block-Singh teaches wherein each of the nodes comprises one or
more cluster node modules. (Block, cluster data port services within a cluster
infrastructure to provide reliable and efficient communications between nodes. See

paragraph [0010]).

As per claim 6, Block-Singh teaches wherein each single-node kernel is stored in
a non-transitory computer-readable medium and configured to accept and execute a
request. (Block, The routines executed to implement ......... operating system or a
specific application, component, program, object, module or sequence of instructions,
will also be referred to herein as "computer program code," or simply "program code."

See paragraph [0039], [0049]).

As per claim 7, Block-Singh teaches wherein each of the nodes comprises one or

more cluster node modules, wherein each of the cluster node modules comprises

instructions stored in a non-transitory computer- readable medium and wherein the
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instructions when executed by the hardware processor cause the cluster node module
to communicate with the single-node kernel and with one or more other cluster node
modules. (Block, ..... multiple logical or TCP connections to a designated target node
with designated backup target nodes, which appears to the user (i.e., an operating
system or kernel component) like a single data port or data pipe. See paragraph

[0044], [0039]).

As per claim 8, Block-Singh teaches wherein the plurality of cluster node
modules act as a cluster. (Block, utilize cluster data port services within a cluster
infrastructure to provide reliable and efficient communications between nodes in a

clustered computer system. See paragraph [0010]).

As per claim 9, Block-Singh teaches wherein the plurality of cluster node
modules communicate with one another to act as a cluster. (Block, Nodes 12, 14 and 16

are typically coupled together via a clustering network 18. See paragraph [0028]).

As per claim 10, Block-Singh teaches wherein the computer cluster includes the
user interface. (Block, Cluster manager application 60 that provides the user interface
whereby a user such as a systems administrator can manage clustering operations in

the system. See paragraph [0037]).
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As per claim 11, Block-Singh teaches wherein each cluster node module accepts
instructions from the user interface and interprets one or more of the instructions.
(Block, Cluster manager application 60 that provides the user interface whereby a user
such as a systems administrator can manage clustering operations in the system. See

paragraph [0037], [0039]).

As per claim 12, Block-Singh teaches wherein the cluster initialization process
comprises establishing communication among two or more of the nodes. (Bloack,
communications between nodes in a clustered computer system. See paragraph

[0010]).

As per claim 13, Block-Singh teaches wherein the cluster initialization process
comprises configuring access by one or more of the nodes to a computer-readable
medium comprising program code for the single-node kernel. (Block, The cluster data
port services described hereinafter, on the other hand, provide an abstracted transport
service that encapsulates and manages the establishment of multiple logical or TCP
connections to a designated target node with designated backup target nodes, which
appears to the user (i.e., an operating system or kernel component) like a single data

port or data pipe. See paragraph [0044]).

As per claim 14, Block-Singh teaches wherein the cluster initialization process

comprises establishing message-passing support among the nodes in the cluster.
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(Block, data port services may also be configured to provide synchronous and
asynchronous caller send models, as well as support message encryption. As such, the
herein-described services may be used to provide a general messaging service that
allows a variety of operating system or kernel components to make use of the services

in a clustered environment. See paragraph [0045]).

As per claim 15, Block-Singh teaches wherein the cluster initialization process
comprises launching cluster node modules by the cluster. (Block, see paragraph [0011],

[0012]).

As per claim 16, Block-Singh teaches wherein the cluster initialization process
comprises assigning a processor identification number to each of the cluster node
modules. (Block, Data port internal object 72 also has a data port address table 78,
which stores remote IP address, node |ID pairs relating to the available |P addresses
through which a particular node (identified by the node ID) is coupled to the clustering

network. See paragraph [0059]).

As per claim 17, Block-Singh teaches wherein the cluster initialization process
comprises: launching cluster node modules by the cluster; and after launching the
cluster node modules, configuring access by one or more of the nodes to a non-
transitory computer-readable medium comprising program code for the single-node

kernel. (Block, data port services may also be configured to provide synchronous and
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asynchronous caller send models, as well as support message encryption. As such, the
herein-described services may be used to provide a general messaging service that
allows a variety of operating system or kernel components to make use of the services

in a clustered environment. See paragraph [0045]).

As per claim 18, Block-Singh teaches wherein the cluster initialization process
comprises: launching cluster node modules by the cluster; after launching the cluster
node modules, establishing communication among two or more of the nodes; (Block, a
cluster data port consistent with the invention may be used to facilitate the transfer of
large volumes of data between a source node and specified target nodes in a clustering
environment. See paragraph [0012]) and after establishing communication among two
or more of the nodes, assigning a processor identification number to each of the cluster
node modules. (Block, Data port internal object 72 also has a data port address table
78, which stores remote |IP address, node ID pairs relating to the available |P addresses
through which a particular node (identified by the node ID) is coupled to the clustering

network. See paragraph [0059]).

As per claim 19, Block-Singh teaches wherein one or more of the nodes are
configured to communicate at least some of the user instructions. (Block, establishment
of multiple network connections between a source node, a target node and one or more
backup nodes in such a manner that a cluster data port is effectively utilized as single

data port. See paragraph [0025], [0044]).
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As per claim 20, Block-Singh teaches wherein one or more of the nodes are
configured to communicate at least some of the user instructions to one or more single-
node kernel. (Block, ..... multiple logical or TCP connections to a designated target node
with designated backup target nodes, which appears to the user (i.e., an operating
system or kernel component) like a single data port or data pipe. See paragraph

[0044]).

As per claim 21, Block-Singh teaches wherein one or more of the nodes are
configured to accept user instructions via one or more of the nodes. (Block, see

paragraph [0025], [0044]).

As per claim 22, Block-Singh teaches wherein one or more of the nodes are
configured to communicate at least some of the user instructions using the mechanism

for the nodes to communicate with each other. (Block, see paragraph [0025], [0044]).

As per claim 23, Block-Singh teaches wherein one or more of the nodes are
configured to transmit at least some of the user instructions that originate from a user
interface. (Singh, The cluster configuration service 1510A may include a user interface
to allow a system administrator to perform various node management functions through
administrative console 1500. When the administrator makes changes to the node 240A
configuration, the cluster configuration service 1510A may record all of the modifications

that are made. See Column 14 line 61-66).
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As per claim 24, Block-Singh teaches wherein one or more of the nodes are
configured to parallelize at least some of the user instructions before communicating at
least some of the user instructions to one or more single-node kernels. (Block,

..... multiple logical or TCP connections to a designated target node with designated
backup target nodes, which appears to the user (i.e., an operating system or kernel

component) like a single data port or data pipe. See paragraph [0044]).

As per claim 25, Block-Singh teaches wherein one or more of the nodes are
configured to accept user instructions before communicating at least some of the user
instructions to one or more single-node kernels. (Singh, The cluster configuration
service 1510A may include a user interface to allow a system administrator to perform
various node management functions through administrative console 1500. When the
administrator makes changes to the node 240A configuration, the cluster configuration
service 1510A may record all of the modifications that are made. See Column 14 line

61-66).

As per claim 26, Block-Singh teaches wherein one or more of the nodes are
configured to: accept user instructions; after accepting user instructions, communicate
at least some of the user instructions using the mechanism for the nodes to
communicate with each other; (Block, see paragraph [0025], [0044]). and after
communicating at least some of the user instructions using the mechanism,

communicate at least some of the user instructions to one or more single-node kernels.
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(Block, ..... multiple logical or TCP connections to a designated target node with
designated backup target nodes, which appears to the user (i.e., an operating system or
kernel component) like a single data port or data pipe. See paragraph [0044]). (Also

see Singh Column 14 line 61-66).

As per claim 27, Block-Singh teaches wherein the plurality of nodes are
configured to communicate with one another to interpret and translate commands for
execution by a plurality of single-node kernels. (Block, ..... multiple logical or TCP
connections to a designated target node with designated backup target nodes, which
appears to the user (i.e., an operating system or kernel component) like a single data

port or data pipe. See paragraph [0044]). (Also see Singh Column 14 line 61-66).

As per claim 28, Block teaches a computer cluster comprising: a plurality of
nodes, (Block, ....cluster data port services within a cluster infrastructure. See
paragraph [0025]) wherein one or more of the nodes are configured to receive:

a command to start a cluster initialization process for the computer cluster,
wherein the cluster initialization process comprises establishing communication among
two or more of the nodes; (Block, establishment of multiple network connections
between a source node, a target node and one or more backup nodes in such a manner
that a cluster data port is effectively utilized as single data port. See paragraph [0025]).

and a mechanism for the nodes to communicate with each other using

asynchronous calls; wherein each of the nodes is configured to access a non-transitory
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computer- readable medium comprising program code for a single-node kernel
configured to interpret user instructions; and wherein at least one of the nodes returns a
result to the user interface or the script. (Block, ..... multiple logical or TCP connections
to a designated target node with desighated backup target nodes, which appears to the
user (i.e., an operating system or kernel component) like a single data port or data
pipe. See paragraph [0044]).

Block doesn’t explicitly teach receiving an instruction from a user interface or a
script. In analogous art Singh teaches receiving instruction from a user interface in a
computer cluster. (Singh, The cluster configuration service 1510A may include a user
interface to allow a system administrator to perform various node management
functions through administrative console 1500. When the administrator makes changes
to the node 240A configuration, the cluster configuration service 1510A may record all
of the modifications that are made. See Column 14 line 61-66).

Therefore it would have been obvious to one of ordinary skill in the art at the time
the invention was made to take the teaching of Singh and apply them on the teaching of
Block because it would allow a system administrator to perform various node
management functions through administrative console. (Singh, ... allow a system
administrator to perform various node management functions through administrative
console 1500. When the administrator makes changes to the node 240A configuration,
the cluster configuration service 1510A may record all of the modifications that are

made. See column 14 line 61-66).
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As per claim 29, Block-Singh teaches wherein the asynchronous calls comprise a
first command to create a first packet containing: an expression to be sent as payload;
and a target node where the expression should be sent; (Block, provide synchronous
and asynchronous caller send models, as well as support message encryption. As such,
the herein-described services may be used to provide a general messaging service that
allows a variety of operating system or kernel components to make use of the services
in a clustered environment. See paragraph [0045]) wherein the first command is
configured to be called from within a single-node kernel; wherein the single-node kernel
is configured to send the first packet to a local cluster node module; and wherein the
local cluster node module is configured to forward the expression to the target node.
(Block, ..... multiple logical or TCP connections to a designated target node with
designated backup target nodes, which appears to the user (i.e., an operating system or
kernel component) like a single data port or data pipe. See paragraph [0044]). (Also

see Singh Column 14 line 61-66).

As per claim 30,

[Rejection rational for claim 29 is applicable].

As per claim 31,

[Rejection rational for claim 28 is applicable].
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Claim 3 is rejected under 35 U.S.C. 103(a) as being unpatentable over Block
et al. (US PGPub 2005/0021751) in view of Singh (US Patent 8,601,101) and further

in view of Gray (USPGPub 2007/0073705).

As per claim 3, Block-Singh teaches the computer cluster of claim 2 but doesn’t
teach a Mathematica kernel. In analogous art Gray teaches a Mathematica kernel.
(Gray, The front end may include an interactive document referred to as a notebook
similar to those often used with MATHEMATICA.RTM. software systems. A notebook
may include input to be sent to the kernel 104 and output received from the kernel, as
well as text, graphics, palettes, etc. see paragraph [0031]).

Therefore it would have been obvious to one of ordinary skill in the art at the time
the invention was made to take the teaching of Gray and apply them on the teaching of
Block because the kernel and the front end may be implemented on a same computing
system or on different computing systems that are communicatively coupled to one

another. (Gray, see paragraph [0030]).

Conclusion
THIS ACTION IS MADE FINAL. Applicant is reminded of the extension of time
policy as set forth in 37 CFR 1.136(a).
A shortened statutory period for reply to this final action is set to expire THREE
MONTHS from the mailing date of this action. In the event a first reply is filed within

TWO MONTHS of the mailing date of this final action and the advisory action is not
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mailed until after the end of the THREE-MONTH shortened statutory period, then the
shortened statutory period will expire on the date the advisory action is mailed, and any
extension fee pursuant to 37 CFR 1.136(a) will be calculated from the mailing date of
the advisory action. In no event, however, will the statutory period for reply expire later

than SIX MONTHS from the mailing date of this final action.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to HERMON ASRES whose telephone number is
(671)272-4257. The examiner can normally be reached on Monday - Friday 7:30 am to
5:00 pm est.

Examiner interviews are available via telephone, in-person, and video
conferencing using a USPTO supplied web-based collaboration tool. To schedule an
interview, applicant is encouraged to use the USPTO Automated Interview Request
(AIR) at http://www.uspto.gov/interviewpractice.

If attempts to reach the examiner by telephone are unsuccessful, the examiner’s
supervisor, VIVEK SRIVASTAVA can be reached on 571-272-7304. The fax phone
number for the organization where this application or proceeding is assigned is 571-

273-8300.
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Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/HERMON ASRES/
Examiner, Art Unit 2449

/IVIVEK SRIVASTAVA/
Supervisory Patent Examiner, Art Unit 2449
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ZTANN.002P1C3 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

First Inventor : Zvi Tannenbaum

App. No. o 14/181,112

Filed . February 14, 2014

For : CLUSTER COMPUTING
Examiner . Asres, Hermon

Art Unit : 2449

Conf. No. © 6874

RESPONSE TO OFFICE ACTION DATED JULY 20, 2016

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:
In response to the Office Action dated July 20, 2016, please reconsider the rejections in
view of the following remarks.
Amendments to the Claims are reflected in the listing of claims which begins on page 2.
Summary of Interview begins on page 7.

Remarks/Arguments begin on page 8.
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AMENDMENTS TO THE CLAIMS
1. (Canceled)
2. (Currently amended) A computer cluster comprising:

a plurality of nodes_comprising a hardware processor, wherein one or more of the

nodes receives a command to start a cluster initialization process for the computer
cluster, and wherein each of the nodes is configured to access a non-transitory computer-

readable medium comprising program code for a single-node kernel_that, when executed,

causes the hardware processor medule-eonfistred to interpret user instructions; and

a mechanism for the nodes to communicate with each other using a peer-to-peer

architecture;

wherein at least one of the nodes returns a result to a user interface or a script.

3. (Currently amended) The computer cluster of claim 2, wherein the single-node
kernel medule comprises a Mathematica kernel.

4. (Previously presented) The computer cluster of claim 2, wherein the mechanism
comprises a message passing interface.

5. (Previously presented) The computer cluster of claim 2, wherein each of the
nodes comprises one or more cluster node modules.

6. (Currently amended) The computer cluster of claim 2, wherein each single-node
kernel medule is stored in a non-transitory computer-readable medium and configured to accept
and execute a request.

7. (Currently amended) The computer cluster of claim 6, wherein each of the nodes
comprises one or more cluster node modules,[[ and]] wherein each of the cluster node modules

[[is]] comprises instructions stored in a non-transitory computer-readable medium, and

configured—to wherein the instructions, when executed by the hardware processor, cause the

cluster node module to communicate with the single-node kernel and with one or more other

cluster node modules.

8. (Previously presented) The computer cluster of claim 7, wherein the plurality of
cluster node modules act as a cluster.

9. (Previously presented) The computer cluster of claim 7, wherein the plurality of

cluster node modules communicate with one another to act as a cluster.

2.
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10.  (Currently amended) The computer cluster of claim 9, wherein the computer
cluster includes|[ a]]_the user interface.

11.  (Previously presented) The computer cluster of claim 10, wherein each cluster
node module accepts instructions from the user interface and interprets one or more of the
instructions.

12.  (New) The computer cluster of claim 2, wherein the cluster initialization process
comprises establishing communication among two or more of the nodes.

13.  (New) The computer cluster of claim 2, wherein the cluster initialization process
comprises configuring access by one or more of the nodes to a computer-readable medium
comprising program code for the single-node kernel.

14. (New) The computer cluster of claim 13, wherein the cluster initialization process
comprises establishing message-passing support among the nodes in the cluster.

15.  (New) The computer cluster of claim 13, wherein the cluster initialization process
comprises launching cluster node modules by the cluster.

16.  (New) The computer cluster of claim 15, wherein the cluster initialization process
comprises assigning a processor identification number to each of the cluster node modules.

17.  (New) The computer cluster of claim 2, wherein the cluster initialization process
comprises:

launching cluster node modules by the cluster; and

after launching the cluster node modules, configuring access by one or more of
the nodes to a non-transitory computer-readable medium comprising program code for
the single-node kernel.

18.  (New) The computer cluster of claim 2, wherein the cluster initialization process
comprises:

launching cluster node modules by the cluster;

after launching the cluster node modules, establishing communication among two
or more of the nodes; and

after establishing communication among two or more of the nodes, assigning a
processor identification number to each of the cluster node modules.

19.  (New) The computer cluster of claim 2, wherein one or more of the nodes are

configured to communicate at least some of the user instructions.
3-
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20.  (New) The computer cluster of claim 19, wherein one or more of the nodes are
configured to communicate at least some of the user instructions to one or more single-node
kernels.

21.  (New) The computer cluster of claim 2, wherein one or more of the nodes are
configured to accept user instructions via one or more of the nodes.

22, (New) The computer cluster of claim 21, wherein one or more of the nodes are
configured to communicate at least some of the user instructions using the mechanism for the
nodes to communicate with each other.

23. (New) The computer cluster of claim 2, wherein one or more of the nodes are
configured to transmit at least some of the user instructions that originate from a user interface.

24. (New) The computer cluster of claim 2, wherein one or more of the nodes are
configured to parallelize at least some of the user instructions before communicating at least
some of the user instructions to one or more single-node kernels.

25.  (New) The computer cluster of claim 2, wherein one or more of the nodes are
configured to accept user instructions before communicating at least some of the user
instructions to one or more single-node kernels.

26.  (New) The computer cluster of claim 2, wherein one or more of the nodes are
configured to:

accept user instructions;

after accepting user instructions, communicate at least some of the user
instructions using the mechanism for the nodes to communicate with each other; and

after communicating at least some of the user instructions using the mechanism,
communicate at least some of the user instructions to one or more single-node kernels.

27.  (New) The computer cluster of claim 2, wherein the plurality of nodes are
configured to communicate with one another to interpret and translate commands for execution
by a plurality of single-node kernels.

28. (New) A computer cluster comprising:

a plurality of nodes, wherein one or more of the nodes are configured to receive:
a command to start a cluster initialization process for the computer cluster,
wherein the cluster initialization process comprises establishing communication

among two or more of the nodes; and
-4-
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an instruction from a user interface or a script;

and

a mechanism for the nodes to communicate with each other using asynchronous
calls;

wherein each of the nodes is configured to access a non-transitory computer-
readable medium comprising program code for a single-node kernel configured to
interpret user instructions; and

wherein at least one of the nodes returns a result to the user interface or the script.
29. (New) The computer cluster of claim 28, wherein the asynchronous calls

comprise a first command to create a first packet containing:

an expression to be sent as payload; and

a target node where the expression should be sent;

wherein the first command is configured to be called from within a single-node
kernel;

wherein the single-node kernel is configured to send the first packet to a local
cluster node module; and

wherein the local cluster node module is configured to forward the expression to
the target node.
30.  (New) The computer cluster of claim 29, wherein the asynchronous calls

comprise a second command to create a second packet containing;

a location where the expression is expected to be received; and

a sending node from which the expression is expected to be received;

wherein the second command is configured to be called from within a single-node
kernel;

wherein the single-node kernel is configured to send the second packet to a local
cluster node module; and

wherein the local cluster node module is configured to store the second packet
contents in a message receiving queue.
31. (New) A computer cluster comprising:

a plurality of nodes, wherein one or more of the nodes are configured to receive:

-5-
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a command to start a cluster initialization process for the computer cluster,
wherein the cluster initialization process comprises establishing communication
among two or more of the nodes; and

an instruction from a user interface or a script;
and
a mechanism for the nodes to communicate with each other;
wherein each of the nodes is configured to access a non-transitory computer-

readable medium comprising program code for a single-node kernel configured to
interpret user instructions and interpret the user instructions into commands that are
executable by a special purpose microprocessor; and

wherein at least one of the nodes returns a result to the user interface or the script.
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SUMMARY OF INTERVIEW

Attendees, Date and Type of Interview

A telephonic interview was conducted on November 7, 2016 and attended by Examiner

Hermon Asres and Applicant’s representative, Lance D. Smemoe (reg. no. 66,152).

Exhibits and/or Demonstrations

None

Identification of Claims Discussed

Claims 2-11

Identification of Cited/Disclosed Art Discussed

None

Proposed Amendments

Substantially as set forth herein

Principal Arguments and Other Matters

Applicant’s representative presented proposed amendments and argued that the rejections
under 35 USC § 112 and 35 USC § 101 are inapplicable to the claims as amended. Specific

arguments are set forth in the following remarks.

Results of Interview

Applicant agreed to submit a formal response with claim amendments. The Examiner

will reconsider the rejections and confirm the allowability of the amended claims.
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REMARKS
In the Office Action dated July 20, 2016, Claims 2-11 were rejected, as discussed below. In
this Amendment, claims 2, 3, 6, 7, and 10 are amended, and new claims 12-31 are added. No new
matter is added. After the amendments, claims 2-31 are pending for consideration. Claims 2, 28, and

31 are independent claims.

Telephone Interview
Applicant thanks the Examiner for the courteous and helpful telephone interview held on

November 7, 2016 (summarized above).

Response to Double Patenting Rejection
Claim 2 is rejected on the ground of non-statutory (obviousness-type) double patenting
over claims 1 and 8 of U.S. Patent No. 8,676,877. Applicant respectfully requests that the double

patenting rejection be held in abeyance until the other rejections are overcome.

Response to Rejections under 35 U.S.C. § 112

Claims 2, 6, and 7 are rejected under 35 U.S.C. § 112 as allegedly being indefinite for
failing to particularly point out and distinctly claim the subject matter. Applicant respectfully
disagrees with the rejections because the specification discloses structure, material, or acts that
correspond to the claimed subject matter. Nevertheless, to expedite allowance of the application,
Applicant has amended claims 2, 6, and 7 to remove the language identified by the examiner as
invoking 35 U.S.C. § 112, sixth paragraph. Accordingly, Applicant respectfully requests that the

rejections be withdrawn.

Response to Rejections under 35 U.S.C. § 101

Claims 2-11 are rejected under 35 U.S.C. § 101 as allegedly being directed to non-
statutory subject matter. Applicant respectfully traverses the rejection. The Supreme Court of the
United States has stated that a claim that recites “an improvement to the functioning of the
computer itself” is directed to significantly more than an abstract idea. Alice Corp. v. CLS Bank,
134 S. Ct. at 2359. Claim 2 as amended recites improvements that improve operation of the

claimed computer cluster. For example, claim 2 recites that “the nodes . . . communicate with
-8-
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each other using a peer-to-peer architecture.” The peer-to-peer architecture improves operation
of the computer because it makes intermediate results of computation available to other nodes,
thus permitting some computations to be solved using multi-node processing that are not
possible with other types of distributed computing. See, e.g., paragraphs [0005] and [0062] of the
application as filed. As another example, the peer-to-peer architecture can increase performance
of the computer compared to other architectures. See, e.g., “Pingpong MPI Benchmark — SEM vs
‘grid’,” cited as reference no. 3 in the Information Disclosure Statement filed herewith. This
information demonstrates that claim 2 recites an improvement to the functioning of the computer
itself and, thus, meets the requirements of subject-matter patent-eligibility under 35 U.S.C. §
101. Applicant respectfully requests withdrawal of the rejections.

Response to Rejections under 35 U.S.C. § 102 and 35 U.S.C. § 103

The Office Action rejects Claims 2, and 4-11 under 35 U.S.C. § 102, arguing that they
are anticipated by U.S. Patent Publication No. 2005/0021751 to Block et al. (hereafter “Block™).
Applicant respectfully traverses the rejections.

The Office Action rejects Claim 3 under 35 U.S.C. § 103(a), arguing that it is
unpatentable in view of Block and U.S. Patent Publication No. 2007/0073705 to Gray. Applicant
respectfully traverses the rejection.

Applicant respectfully submits that Block does not disclose every feature recited in claim
2 or the claims that depend from claim 2. For example, Block does not disclose at least a
computer cluster comprising “a mechanism for the nodes to communicate with each other using
a peer-to-peer architecture,” in combination with the other features recited in claim 2. As another
example, Block does not disclose at least that “at least one of the nodes returns a result to a user
interface or a script,” in combination with the other features recited in claim 2. Indeed, Block
does not disclose that the disclosed target nodes and backup nodes share data with one another
using a peer-to-peer architecture.

Each of dependent Claims 3-11 is patentable because each depends directly or indirectly
from claim 2 and because of the additional features recited in each claim.

For at least these reasons, Applicant respectfully submits that Claims 2-11 are allowable
over the cited references and respectfully requests that the rejections of these claims be

withdrawn.
9.

Ex.1002 / Page 488 of 664



Application No.: 14/181,112
Filing Date: February 14, 2014

New claims 12-31

New claims 12-31 are added in this amendment. No new matter is added. Each of claims
12-27 depends directly or indirectly from claim 2 and is patentable for that reason and for the
additional features recited in each claim. Each of claims 28-31 is patentable because the cited
references do not anticipate or render obvious the unique combination of features recited in each

of claims 28-31.

No Disclaimers or Disavowals

Applicant respectfully submits that the claims are in condition for allowance.
Furthermore, any remarks in support of patentability of one claim should not be imputed to any
other claim, even if similar terminology is used. Any remarks referring to only a portion of a
claim should not be understood to base patentability on that portion or that the limitation
discussed is essential or critical; rather, patentability must rest on each claim taken as a whole.
Applicant respectfully traverses each of the Examiner’s rejections and each of the Examiner’s
assertions regarding what the prior art shows or teaches, even if not expressly discussed herein.
Although the present communication may include alterations to the application or claims, or
characterizations of claim scope or referenced art, applicant is not conceding in this application
that previously pending claims are not patentable over the cited references. Rather, any
alterations or characterizations are being made to facilitate expeditious prosecution of this
application. Applicant reserves the right to pursue at a later date any previously pending or other
broader or narrower claims that capture any subject matter supported by the present disclosure,
including subject matter found to be specifically disclaimed herein or by any prior prosecution.
Accordingly, reviewers of this or any parent, child or related prosecution history shall not
reasonably infer that applicant has made any disclaimers or disavowals of any subject matter
supported by the present application

CONCLUSION

For the foregoing reasons, it is respectfully submitted that the rejections set forth in the

outstanding Office Action are inapplicable to the present claims. Accordingly, issuance of a Notice

of Allowance is requested.

-10-
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The undersigned has made a good faith effort to respond to all of the rejections in the case
and to place the claims in condition for immediate allowance. Nevertheless, if any undeveloped
issues remain or if any issues require clarification, the Examiner is respectfully requested to call the
undersigned below.

Please charge any additional fees, including any fees for additional extension of time, or
credit overpayment to Deposit Account No. 11-1410.

Respectfully submitted,

KNOBBE, MARTENS, OLSON & BEAR, LLP

Dated: November 21, 2016 By: /Lance D. Smemoe/
Lance D. Smemoe
Registration No. 66,152
Attorney of Record
Customer No. 20995
(949) 760-0404

24428740

-11-
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INFORMATION DISCLOSURE STATEMENT

First Inventor :  Zvi Tannenbaum

App. No. o 14/181,112

Filed . February 14, 2014

For . CLUSTER COMPUTING
Examiner : Hermon Asres

Art Unit © 2449

Conf. No. . 6874

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

References and Listing

Pursuant to 37 CFR 1.56, an Information Disclosure Statement listing references is
provided herewith. Copies of any listed foreign and non-patent literature references are being
submitted.
No Disclaimers

To the extent that anything in the Information Disclosure Statement or the listed
references could be construed as a disclaimer of any subject matter supported by the present
application, Applicant hereby rescinds and retracts such disclaimer.
Timing of Disclosure

This Information Disclosure Statement is being filed after receipt of a First Office
Action, but before the mailing date of a Final Action and before the mailing date of a Notice of
Allowance. This Statement is accompanied by the fees set forth in 37 CFR 1.17(p). The
Commissioner is hereby authorized to charge any additional fees which may be required or to

credit any overpayment to Account No. 11-1410.
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Respectfully submitted,
KNOBBE, MARTENS, OLSON & BEAR, LLP

By:/Lance D. Smemoe/
Lance D. Smemoe
Registration No. 66,152
Attorney of Record
Customer No. 20995
(949) 760-0404

Dated: November 21. 2016

24039383
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Application No.
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February 14, 2014

First Named Inventor

Zvi Tannenbaum
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2449

(Multiple sheets used when necessary)

Examiner
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SHEET 1 OF 1

Attorney Docket No.

ZTANN.002P1C3

U.S. PATENT DOCUMENTS

Examiner | Cite Document Number Publication Pages, Columns, Lines Where
Initials No Number - Kind Code (if known) Date Name Relevant Passages or
Example: 1,234,567 B1 MM-DD-YYYY Relevant Figures Appear
1 7,716,323 05-11-2010 Gole et al.
FOREIGN PATENT DOCUMENTS
Foreign Patent Document Publication Pages, Columns, Lines
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Initials No. Code MM-DD-YYYY or Relevant Figures
Example: JP 1234567 A1 Appear
NON PATENT LITERATURE DOCUMENTS
Examiner | Gite | Include name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the .
Initials No item (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue number(s), T
) publisher, city and/or country where published.
HAYNOS, MATT, "Perspectives on grid: Grid computing--next-generation distributed computing",
January 27, 2004, IBM Developer Works, fite:/fevwe- 106 o cony developerworks/bbrarv/ar-hediage
3 "Pingpong MPI Benchmark - SEM vs ‘grid’," January 2009, Dauger Research, Inc.,
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4| Wolfram Research, "Mathematica Parallel Computing Toolkit", January 2005, pp. 1-95.
24039252

Examiner Signature

Date Considered
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T' - Place a check mark in this area when an English language Translation is attached.
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EFS ID: 27579539
Application Number: 14181112
International Application Number:
Confirmation Number: 6874
Title of Invention: CLUSTER COMPUTING

First Named Inventor/Applicant Name:

Zvi Tannenbaum

Customer Number:

20995

Filer:

Lance Dean Smemoe/Christina Graul

Filer Authorized By:

Lance Dean Smemoe

Attorney Docket Number: ZTANN.002P1C3
Receipt Date: 21-NOV-2016
Filing Date: 14-FEB-2014
Time Stamp: 20:06:29

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type CARD
Payment was successfully received in RAM $590

RAM confirmation Number

112216INTEFSW20081700

Deposit Account

111410

Authorized User

Christina Graul

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:

37 CFR 1.16 (National application filing, search, and examination fees)

37 CFR 1.17 (Patent application and reexamination processing fees)
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File Listing:

Document s . File Size(Bytes)/ Multi Pages
Document Description File Name . . .
Number Message Digest | Part/.zip| (if appl.)
143658
1 ZTANN_002P1dCf3_Response. yes 1
p 65e3f9edcebc4fcff095592cala83c08efb7c
1a9
Multipart Description/PDF files in .zip description
Document Description Start End
Amendment/Req. Reconsideration-After Non-Final Reject 1 1
Claims 2 6
Applicant summary of interview with examiner 7 7
Applicant Arguments/Remarks Made in an Amendment 8 11
Warnings:
Information:
212224
2 ZTANN_002P1C3_IDS.pdf yes 3
634f8001c4201d81bc09686e16796505eb2
3f72e
Multipart Description/PDF files in .zip description
Document Description Start End
Transmittal Letter 1 2
Information Disclosure Statement (IDS) Form (SB08) 3 3
Warnings:
Information:
2731164
3 Non Patent Literature Wolfran:'_M_T_tthmftt[czsoP(;aSraIIdefICo no 95
mpu Ing OOlKI - p 797b5edda1f45e6d82c146e910e78a76751

542a

Warnings:

Information:
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7077722

Haynos__PerspectivesOn-Grid.

pdf no 7

4 Non Patent Literature

2cc5eBeale822fc63d7f69381e3e6408c8d5|
b7

Warnings:

Information:

1403241

5 Non Patent Literature Pingpong_MPIBenchmark.PDF no 1
040f73de0b6e8asfba3797bbasebdb94 2fel

Warnings:

Information:

32049

6 Fee Worksheet (SB06) fee-info.pdf no 2

b0cd6e3895ea6d301c0c9e8872be27beal!

Warnings:

Information:

Total Files Size (in bytes)1 11600058

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111
If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR

1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/SB/06 (09-11)

Approved for use through 1/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD | Application or

Docket Number Filing Date

Substitute for Form PTO-875 14/181,112 02/14/2014

I:l To be Mailed

APPLICATION AS FILED — PART |

ENTITY:

O tarceE [X] smaLL [] micro

*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
L1 asic Fee N/A N/A N/A
(37 CFR 1.16(a), (b), o (c))
|:] SEARCH FEE N/A N/A N/A
(37 CFR 1.16(K), (i), or (m))
|
EXAMINATION FEE
(37 GFR 1.16(0), (p), or (q)) N/A N/A A
TOTAL CLAIMS . N
(37 CFR 1.16(i)) minus 20 = X $ =
INDEPENDENT CLAIMS : N
(37 CFR 1.16(h)) minus 3 = X $ =
If the specification and drawings exceed 100 sheets
0 of paper, the application size fee due is $310 ($155
A;%,_lgﬁﬂ'g';‘ SIZE FEE for small entity) for each additional 50 sheets or
( 16(5)) fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
] MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16())
* If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL
APPLICATION AS AMENDED - PART Il
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
}_ 11/21/2016 AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
s ;I'?g(%\) (37 CFR « 30 Minus | = 20 - 10 x $40 = 400
5 5
Independ: .
z e e s s -3 Minus | 3 -0 x $210= 0
<§( [] Application Size Fee (37 CFR 1.16(s))
D FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 CFR 1.16(j))
TOTAL ADD'L FEE 400
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
— AMENDMENT PAID FOR
Z | Total (37 cFR . *x
& me(\))( Minus - X $ =
Independent “ i ek
% $37C€R1.16@ Minus = X' $ =
& [Trepicaicrs
] pplication Size Fee (37 CFR 1.16(s))
=
<C D FIRST PRESENTATION OF MULTIPLE DEPENDENT GLAIM (37 CFR 1.16(j))
TOTAL ADD’L FEE
* |f the entry in column 1 is less than the entry in column 2, write “0” in column 3. LIE
** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”. ANTHONY TYSON

The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. |  CONFIRMATION NO. |
14/181,112 02/14/2014 Zvi Tannenbaum ZTANN.002P1C3 6874
20995 7590 11/16/2016
EXAMINER
KNOBBE MARTENS OLSON & BEAR LLP | |
2040 MAIN STREET ASRES, HERMON
FOURTEENTH FLOOR
IRVINE, CA 92614 | ART UNIT | PAPER NUMBER |
2449
| NOTIFICATION DATE | DELIVERY MODE |
11/16/2016 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.
Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

Jjayna.cartee@knobbe.com
efiling @knobbe.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)

. - . 14/181,112 TANNENBAUM ET AL.
Applicant-Initiated Interview Summary i i
Examiner Art Unit
HERMON ASRES 2449

All participants (applicant, applicant’s representative, PTO personnel):
(1) HEBRMON ASRES. (3)Lance Smemoe (REG NO 66.,152).

@ (G N—

Date of Interview: 07 November 2016.

Type: [X Telephonic [] Video Conference
[] Personal [copy given to: [] applicant  [] applicant’s representative]

Exhibit shown or demonstration conducted: [] Yes X No.
If Yes, brief description:

Issues Discussed X101 X112 X102 []J103 [JOthers

(For each of the checked box(es) above, please describe below the issue and detailed description of the discussion)
Claim(s) discussed: 2.
Identification of prior art discussed: Block.

Substance of Interview
(For each issue discussed, provide a detailed description and indicate if agreement was reached. Some topics may include: identification or clarification of a
reference or a portion thereof, claim interpretation, proposed amendments, arguments of any applied references etc...)

Applciant discussed proposed amendment to independent claim 1 including adding "a mechanism for the nodes to
communicate with each other using a peer-to-peer architecture”. Applicant also added a non-transitory language to the
independent claim to address the 101 rejection. Applicant further indicated that the "module confiqured to" will be
rewritten to overcome the 112 rejection. Examiner reminded applicant about the pending double patenting rejection and
applicant indicated that if the proposed amendment when filed doesn't overcome the double patenting rejection a
terminal disclaimer will be filed. No agreement was reached.

Applicant recordation instructions: The formal written reply to the last Office action must include the substance of the interview. (See MPEP
section 713.04). If a reply to the last Office action has already been filed, applicant is given a non-extendable period of the longer of one month or
thirty days from this interview date, or the mailing date of this interview summary form, whichever is later, to file a statement of the substance of the
interview

Examiner recordation instructions: Examiners must summarize the substance of any interview of record. A complete and proper recordation of the
substance of an interview should include the items listed in MPEP 713.04 for complete and proper recordation including the identification of the
general thrust of each argument or issue discussed, a general indication of any other pertinent matters discussed regarding patentability and the
general results or outcome of the interview, to include an indication as to whether or not agreement was reached on the issues raised.

X Attachment

/HERMON ASRES/ /NVIVEK SRIVASTAVA/
Examiner, Art Unit 2449 Supervisory Patent Examiner, Art Unit 2449

U.S. Patent and Trademark Office
PTOL-413 (Rev. 8/11/2010) Interview Summary Paper No. 20161107
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Summary of Record of Interview Requirements

Manual of Patent Examining Procedure (MPEP), Section 713.04, Substance of Interview Must be Made of Record
A complete written statement as to the substance of any face-to-face, video conference, or telephone interview with regard to an application must be made of record in the
application whether or not an agreement with the examiner was reached at the interview.

Title 37 Code of Federal Regulations (CFR) § 1.133 Interviews
Paragraph (b)

In every instance where reconsideration is requested in view of an interview with an examiner, a complete written statement of the reasons presented at the interview as
warranting favorable action must be filed by the applicant. An interview does not remove the necessity for reply to Office action as specified in §§ 1.111, 1.135. (35 U.S.C. 132)

37 CFR §1.2 Business to be transacted in writing.
All business with the Patent or Trademark Office should be transacted in writing. The personal attendance of applicants or their attorneys or agents at the Patent and
Trademark Office is unnecessary. The action of the Patent and Trademark Office will be based exclusively on the written record in the Office. No attention will be paid to
any alleged oral promise, stipulation, or understanding in relation to which there is disagreement or doubt.

The action of the Patent and Trademark Office cannot be based exclusively on the written record in the Office if that record is itself
incomplete through the failure to record the substance of interviews.

It is the responsibility of the applicant or the attorney or agent to make the substance of an interview of record in the application file, unless
the examiner indicates he or she will do so. It is the examiner’s responsibility to see that such a record is made and to correct material inaccuracies
which bear directly on the question of patentability.

Examiners must complete an Interview Summary Form for each interview held where a matter of substance has been discussed during the
interview by checking the appropriate boxes and filling in the blanks. Discussions regarding only procedural matters, directed solely to restriction
requirements for which interview recordation is otherwise provided for in Section 812.01 of the Manual of Patent Examining Procedure, or pointing
out typographical errors or unreadable script in Office actions or the like, are excluded from the interview recordation procedures below. Where the
substance of an interview is completely recorded in an Examiners Amendment, no separate Interview Summary Record is required.

The Interview Summary Form shall be given an appropriate Paper No., placed in the right hand portion of the file, and listed on the
“Contents” section of the file wrapper. In a personal interview, a duplicate of the Form is given to the applicant (or attorney or agent) at the
conclusion of the interview. In the case of a telephone or video-conference interview, the copy is mailed to the applicant’s correspondence address
either with or prior to the next official communication. If additional correspondence from the examiner is not likely before an allowance or if other
circumstances dictate, the Form should be mailed promptly after the interview rather than with the next official communication.

The Form provides for recordation of the following information:

— Application Number (Series Code and Serial Number)

—Name of applicant

—Name of examiner

—Date of interview

—Type of interview (telephonic, video-conference, or personal)

—Name of participant(s) (applicant, attorney or agent, examiner, other PTO personnel, etc.)

—An indication whether or not an exhibit was shown or a demonstration conducted

— An identification of the specific prior art discussed

— Anindication whether an agreement was reached and if so, a description of the general nature of the agreement (may be by
attachment of a copy of amendments or claims agreed as being allowable). Note: Agreement as to allowability is tentative and does
not restrict further action by the examiner to the contrary.

—The signature of the examiner who conducted the interview (if Form is not an attachment to a signed Office action)

It is desirable that the examiner orally remind the applicant of his or her obligation to record the substance of the interview of each case. It
should be noted, however, that the Interview Summary Form will not normally be considered a complete and proper recordation of the interview
unless it includes, or is supplemented by the applicant or the examiner to include, all of the applicable items required below concerning the
substance of the interview.

A complete and proper recordation of the substance of any interview should include at least the following applicable items:

1) A brief description of the nature of any exhibit shown or any demonstration conducted,

2) an identification of the claims discussed,

3) an identification of the specific prior art discussed,

4) an identification of the principal proposed amendments of a substantive nature discussed, unless these are already described on the

Interview Summary Form completed by the Examiner,

5) a brief identification of the general thrust of the principal arguments presented to the examiner,

(The identification of arguments need not be lengthy or elaborate. A verbatim or highly detailed description of the arguments is not
required. The identification of the arguments is sufficient if the general nature or thrust of the principal arguments made to the
examiner can be understood in the context of the application file. Of course, the applicant may desire to emphasize and fully
describe those arguments which he or she feels were or might be persuasive to the examiner.)

6) a general indication of any other pertinent matters discussed, and

7) if appropriate, the general results or outcome of the interview unless already described in the Interview Summary Form completed by

the examiner.

Examiners are expected to carefully review the applicant's record of the substance of an interview. If the record is not complete and
accurate, the examiner will give the applicant an extendable one month time period to correct the record.

Examiner to Check for Accuracy

If the claims are allowable for other reasons of record, the examiner should send a letter setting forth the examiner’s version of the
statement attributed to him or her. If the record is complete and accurate, the examiner should place the indication, “Interview Record OK” on the
paper recording the substance of the interview along with the date and the examiner’s initials.
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MEMORANDUM

TO: Examiner Hermon Asres
direct: 571-272-4257
email: hermon.asres@uspto.gov
FROM:  Lance Smemoe, Reg. #0606,152
RE: Agenda for telephone interview on November 7, 2016 at 2:00 p.m. Eastern time

Application No.o 14181112

Attorney Docket No.: ZTANN.DO2PIC3

INFORMAL DOCUMENT FOR DISCUSSION ONLY - DO NOT ENMTER

A. Rejections under 35 USC § 112 of claims 2, 6, and 7

Proposed claim amendments
2. (Currently amended) A cornputer cluster comprising:

a plurality of nodes, wherein one or more of the nodes receives a
coramand to start a cluster initialization process for the computer cluster, and

wherein each of the nodes is configured 0 access a non-transitory computer-

readable medinm comprising program code for a single-node kernel medule
configured to interpret user instructions; and
a mechanism for the nodes to communicate with each other_using a peer-

to-peer architechure:

wherein at least one of the nodes returns a result to a user interface module

or 3 script.

6. {Currently amended) The computer cluster of claim 2, wherein cach
single-node kernel medale is stored in a non-transitory_computer-readable medivm and
configured to accept and execute a request.

7. (Currently amended) The computer cluster of claim 6, wherein each of the
nodes comprises one or more claster node modules, and each of the cliuster node modules
is stored in a non-transitory computer-readable medium and configured to communicate

with the single-node kernel and with one or more other cluster node modules.

Knabbe
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MEMORANDUM
Page 2

INFORMAL DOCUMENT FOR DISCUSSION ONLY - DO NOT ENTER

Non-limiting example embodimenis from the specification

[6093] A kernel module 206 typically includes program code for interpreting high-
level code, commands, and/or instructions supplied by a user or a script into low-level code, such
as, for example, machine language or assembly language. In one embodiment, each cluster node
module 204a-e is connected to all other cluster node modules, while each kernel module 206a-¢
is allocated and connected only to one cluster node modale 204. In one embodiment, there is one
cluster node module-kernel module pair per processor. For example, in an embodiment of a
computer cluster 100 inchuding single-processor computer systems, each cluster node module-
kernel module pair could reside on a single-processor computer. If a computer contains muitiple

Processors or processing cores, it may contain multiple cluster node module-kernel module pairs,

but the pairs can still communicate over the cluster node module’s network connections.

Clustar nods modsle

T

B module
TR
e VR

Sfeanned s

Rejections nnder 35 USC § 181 of Claims 2-11
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNITED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

P.0.Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov

APPLICATION NO. FILING DATE FIRST NAMED INVENTOR | ATTORNEY DOCKETNO. |  CONFIRMATION NO. |
14/181,112 02/14/2014 Zvi Tannenbaum ZTANN.002P1C3 6874
20995 7590 07/20/2016
EXAMINER
KNOBBE MARTENS OLSON & BEAR LLP | |
2040 MAIN STREET ASRES, HERMON
FOURTEENTH FLOOR
IRVINE, CA 92614 | ART UNIT | PAPER NUMBER |
2449
| NOTIFICATION DATE | DELIVERY MODE |
07/20/2016 ELECTRONIC

Please find below and/or attached an Office communication concerning this application or proceeding.
The time period for reply, if any, is set in the attached communication.
Notice of the Office communication was sent electronically on above-indicated "Notification Date" to the

following e-mail address(es):

Jjayna.cartee@knobbe.com
efiling @knobbe.com

PTOL-90A (Rev. 04/07)
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Application No. Applicant(s)
14/181,112 TANNENBAUM ET AL.

Office Action Summary Examiner Art Unit AA (First Inventor to File)
HERMON ASRES 2449 SN‘Z‘US

-- The MAILING DATE of this communication appears on the cover sheet with the correspondence address --
Period for Reply
A SHORTENED STATUTORY PERIOD FOR REPLY IS SET TO EXPIRE 3 MONTHS FROM THE MAILING DATE OF
THIS COMMUNICATION.

Extensions of time may be available under the provisions of 37 CFR 1.136(a). In no event, however, may a reply be timely filed
after SIX (6) MONTHS from the mailing date of this communication.
- If NO period for reply is specified above, the maximum statutory period will apply and will expire SIX (6) MONTHS from the mailing date of this communication.
- Failure to reply within the set or extended period for reply will, by statute, cause the application to become ABANDONED (35 U.S.C. § 133).
Any reply received by the Office later than three months after the mailing date of this communication, even if timely filed, may reduce any
earned patent term adjustment. See 37 CFR 1.704(b).
Status
1)X Responsive to communication(s) filed on 02/14/2014.

[ A declaration(s)/affidavit(s) under 37 CFR 1.130(b) was/were filedon .
2a)[] This action is FINAL. 2b)[X] This action is non-final.
3)[] An election was made by the applicant in response to a restriction requirement set forth during the interview on
___;therestriction requirement and election have been incorporated into this action.
4)[] Since this application is in condition for allowance except for formal matters, prosecution as to the merits is
closed in accordance with the practice under Ex parte Quayle, 1935 C.D. 11, 453 O.G. 213.

Disposition of Claims*

5[ Claim(s) 2-11 is/are pending in the application.

5a) Of the above claim(s) is/are withdrawn from consideration.

6)[1 Claim(s) is/are allowed.

7)X Claim(s) 2-11 is/are rejected.

8)[] Claim(s) ____is/are objected to.

9)[] Claim(s) are subject to restriction and/or election requirement.
* If any claims have been determined allowable, you may be eligible to benefit from the Patent Prosecution Highway program at a
participating intellectual property office for the corresponding application. For more information, please see
hitn /raww. usplo.gov/patents/init_events/pph/indax.jsp or send an inquiry to PPHieedback@uspto.qov.

Application Papers
10)[]] The specification is objected to by the Examiner.
11)] The drawing(s) filed on is/are: a)[_] accepted or b)[] objected to by the Examiner.
Applicant may not request that any objection to the drawing(s) be held in abeyance. See 37 CFR 1.85(a).
Replacement drawing sheet(s) including the correction is required if the drawing(s) is objected to. See 37 CFR 1.121(d).

Priority under 35 U.S.C. § 119
12)[C] Acknowledgment is made of a claim for foreign priority under 35 U.S.C. § 119(a)-(d) or (f).
Certified copies:
a)[J Al b)[J Some** ¢)[] None of the:
1. Certified copies of the priority documents have been received.
2.[] Certified copies of the priority documents have been received in Application No.
3.0 Copies of the certified copies of the priority documents have been received in this National Stage
application from the International Bureau (PCT Rule 17.2(a)).
** See the attached detailed Office action for a list of the certified copies not received.

Attachment(s)
1) & Notice of References Cited (PTO-892) 3) |:| Interview Summary (PTO-413)
< . . Paper No(s)/Mail Date.
2) Information Disclosure Statement(s) (PTO/SB/08a and/or PTO/SB/08b) 4 |:| Other-
Paper No(s)/Mail Date 09/10/2014, 11/18/2015. ) er:
U.S. Patent and Trademark Office
PTOL-326 (Rev. 11-13) Office Action Summary Part of Paper No./Mail Date 20160707
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Application/Control Number: 14/181,112 Page 2
Art Unit: 2449

DETAILED ACTION

Claims 2-11 have been examined and are rejected.

Information Disclosure Statement
The information disclosure statement (IDS) submitted on 11/18/2015, and
09/10/2014 is in compliance with the provisions of 37 CFR 1.97. Accordingly, the

information disclosure statement is being considered by the examiner.

Double Patenting

The nonstatutory double patenting rejection is based on a judicially created
doctrine grounded in public policy (a policy reflected in the statute) so as to prevent the
unjustified or improper timewise extension of the “right to exclude” granted by a patent
and to prevent possible harassment by multiple assignees. A nonstatutory double
patenting rejection is appropriate where the claims at issue are not identical, but at least
one examined application claim is not patentably distinct from the reference claim(s)
because the examined application claim is either anticipated by, or would have been
obvious over, the reference claim(s). See, e.g., In re Berg, 140 F.3d 1428, 46 USPQ2d
1226 (Fed. Cir. 1998); In re Goodman, 11 F.3d 1046, 29 USPQ2d 2010 (Fed. Cir.
1993); In re Longi, 759 F.2d 887, 225 USPQ 645 (Fed. Cir. 1985); In re Van Ornum,
686 F.2d 937, 214 USPQ 761 (CCPA 1982); In re Vogel, 422 F.2d 438, 164 USPQ 619

(CCPA 1970); and In re Thorington, 418 F.2d 528, 163 USPQ 644 (CCPA 1969).
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Application/Control Number: 14/181,112 Page 3
Art Unit: 2449

A timely filed terminal disclaimer in compliance with 37 CFR 1.321(c) or 1.321(d)
may be used to overcome an actual or provisional rejection based on a nonstatutory
double patenting ground provided the reference application or patent either is shown to
be commonly owned with this application, or claims an invention made as a result of
activities undertaken within the scope of a joint research agreement. A terminal
disclaimer must be signed in compliance with 37 CFR 1.321(b).

The USPTO internet Web site contains terminal disclaimer forms which may be
used. Please visit http://www.uspto.gov/forms/. The filing date of the application will
determine what form should be used. A web-based eTerminal Disclaimer may be filled
out completely online using web-screens. An eTerminal Disclaimer that meets all
requirements is auto-processed and approved immediately upon submission. For more
information about eTerminal Disclaimers, refer to

http://www.uspto.gov/patents/process/file/efs/guidance/eTD-info-I.jsp.

Claim 2 is rejected on the ground of nonstatutory double patenting as
being unpatentable over claims 1 and 8 of U.S. Patent No. 8,676,877. Although the
conflicting claims are not identical, they are not patentably distinct from each

other because:

Instant Application US Patent 8,676,877
Claim | Limitation Claim | Limitation
2 A computer cluster comprising: 1and | A system for performing an
8 instruction received from a front
end by executing commands on
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Application/Control Number: 14/181,112
Art Unit: 2449

Page 4

a plurality of nodes, wherein one or
more of the nodes receives a
command to start a cluster
initialization process for the
computer cluster, and

wherein each of the nodes is
configured to access a computer-
readable medium comprising
program code for a single-node
kernel module configured to
interpret user instructions; and

a mechanism for the nodes to

one or more special purpose
microprocessors, the system
comprising:

a plurality of nodes, wherein each
node is configured to access a
computer-readable memotry system
comprising program code for a
single-node kernel module,

........ wherein each cluster node
module is stored in a computer-
readable memory system and
configured to communicate with a
single-node kernel and with one or
more other cluster node modules,
to accept instructions, and to

communicate with each other. interpret at least some of the
instructions such that the plurality
of cluster node modules
communicate with one another in
order to act as a cluster in
executing commands using one or

more hardware processors

Claim Rejections - 35 USC § 112

The following is a quotation of 35 U.S.C. 112 (pre-AlA), second paragraph:
The specification shall conclude with one or more claims particularly pointing out and distinctly claiming
the subject matter which the applicant regards as his invention.

The following is a quotation of pre-AlA 35 U.S.C. 112, sixth paragraph:

An element in a claim for a combination may be expressed as a means or step for performing a specified
function without the recital of structure, material, or acts in support thereof, and such claim shall be
construed to cover the corresponding structure, material, or acts described in the specification and
equivalents thereof.

Claim 2, 6 and 7 is rejected under 35 U.S.C. 112 second paragraph as being
indefinite for failing to particularly point out and distinctly claim the subject matter which

the inventor(s) or applicant regards as the invention.
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As per claim 2, 6 and 7 “module configured to’ is a limitations that invokes 35
U.S.C. 112, sixth paragraph. The written disclosure fails to disclose the corresponding
structure, material, or acts for the claimed function. Applicant's specification is devoid of

sufficient disclosure of structure for these terms as required by 112 second paragraph.

Rationale for invoking §112 6

Examiners will apply § 112, § 6 to a claim limitation that meets the following conditions:
(1) The claim limitation uses the phrase “means for” or “step for” or a non-structural
term that does not have a structural modifier;

(2) The phrase “means for” or “step for” or the non-structural term recited in the claim is
modified by functional language; and

(3) The phrase “means for” or “step for” or the non-structural term recited in the claim is
not modified by sufficient structure, material, or acts for achieving the specified function.
This modifies the 3-prong analysis in MPEP § 2181, which will be revised in due course.
See Supplemental Examination, 76 FR at 7167.

“When the claim limitation does not use the phrase “means for” or “step for,”
examiners should determine whether the claim limitation uses a nonstructural term (a
term that is simply a substitute for the term “means for”). Examiners will apply § 112,
46 to a claim limitation that uses a nonstructural term associated with functional
language, unless the nonstructural term is (1) preceded by a structural modifier, defined
in the specification as a particular structure or known by one skilled in the art, that

denotes the type of structural device (e.g., “filters”), or (2) modified by sufficient
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structure or material for achieving the claimed function. The following is a list of non-

structural terms that may invoke § 112, §6: “mechanism for,” “module for,” “device

for,” “unit for,

component for,” “element for,” “member for,” “apparatus for,”
“machine for,” or “system for.” This list is not exhaustive, and other non-structural terms
may invoke § 112, {16.” See id.

Applicant is required to:

(a) Amend the claim so that the claim limitation will no longer be a means (or step, or
non-structure terms) plus function limitation under 35 U.S.C. 112, sixth paragraph; or
(b) Amend the written description of the specification such that it expressly recites what
structure, material, or acts perform the claimed function without introducing any new

matter (35 U.S.C. 132(a)).

If applicant is of the opinion that the written description of the specification already
implicitly or inherently discloses the corresponding structure, material, or acts so that
one of ordinary skill in the art would recognize what structure, material, or acts perform
the claimed function, applicant is required to clarify the record by either:

(a) Amending the written description of the specification such that it expressly recites
the corresponding structure, material, or acts for performing the claimed function and
clearly links or associates the structure, material, or acts to the claimed function, without

introducing any new matter (35 U.S.C. 132(a)); or
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(b) Stating on the record what the corresponding structure, material, or acts, which are
implicitly or inherently set forth in the written description of the specification, perform the
claimed function. For more information, see 37 CFR 1.75(d) and MPEP §§ 608.01(0)

and 2181.

Claim Rejections - 35 USC § 101

35 U.S.C. 101 reads as follows:

Whoever invents or discovers any new and useful process, machine, manufacture, or
composition of matter, or any hew and useful improvement thereof, may obtain a patent
therefor, subject to the conditions and requirements of this title.

Claims 2-11 are rejected under 35 U.S.C. 101 because the claimed invention is
directed to non-statutory subject matter. The claim(s) do not fall within at least one of
the four categories of patent eligible subject matter because the claimed invention is
directed to a judicial exception (i.e., a law of nature, a natural phenomenon, or an
abstract idea) without significantly more. Claim(s) 2-11 are directed to computer cluster
for “a plurality of nodes wherein one or more of the nodes receives a command to
start a cluster initialization process and a single-node kernel to interpret user
instructions” which under the Mayo test can be viewsd as merely insignificant
extrasclution activity 1o the judicial exception, e.g., mere dala gathering in coniunction
with a law of nature or abstract idea” (ses Mayo, 132 &, Gt 1287-1301). The claims do
not recite additional elements that are sufficient to amount to significantly more than the
judicial exception as the claims do not recite an improvement to another technology or

technical field, an improvement to the functioning of a computer itself, or meaningful
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limitations beyond generally linking the use of an abstract idea to a particular
technological environment. The “computer cluster’, “nodes’, and “single-node
kernel” are recited as performing generic computer functions routinely used in computer
applications. Generic computer components recited as performing generic computer
functions that are well-understood, routine, and conventional activities amount to no

more than implementing the abstract idea with a computerized system.

Claims not specifically mentioned are rejected by virtue of dependency and

because they do not obviate the above-recited deficiencies.

Limitation that may be enough to qualify as "significantly more"

1. Improvements to another technology /technical fields;34

2. Improvements to the functioning of the computer itself;35

3. Applying the judicial exception with, or by user of a particular machine; 36

4. Effecting a transformation or reduction of a particular article to a different
state or thing; 37

5. Adding a specific limitation other than what is well-understood, routine and
conventional in the field, or adding unconventional steps that confine the claim to a
particular useful application.38

6. Other meaningful limitations beyond generally linking the use of an abstract

idea to a particular technological environment.39
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34 (Id., slip op. at 15: e.g., a mathematical formula applied in a specific rubber
molding process (citing Diamond v. Diehr, 450 U.S. 175,177-178 (1981)). In this case,
the application was for a "[process] for molding raw, uncured synthetic rubber into cured
precision products.” The process of curing synthetic rubber depends on a number of
factors including time, temperature and thickness of the mold. Using the Arrhenius
equation it is possible to calculate when to open the press and to remove the cured,
molded rubber. The problem was that there was, at the time the invention was made, no
disclosed way to obtain an accurate measure of the temperature without opening the
press. The invention solved this problem by using embedded thermocouples to
constantly check the temperature, and then feeding the measured values into a
computer. The computer then used the Arrhenius equation to calculate when sufficient
energy had been absorbed so that the molding machine should open the press.)

35 (Id., at 2359 Alice (using a computer to obtain data, adjust account
balances, and issue automated instructions - is “[p]urely ‘conventional. Mayo, 566 U. S.,
at _. They do not, for example, purport to improve the functioning of the computer itself
or effect an improvement in any other technology or technical field, see Alice Corp. v.
CIS Banks Inti. 110 USPG2d 1976 (U.S. 2014) “[o]n their face, they are drawn to the
concept of intermediated settlement, i.e., the use of a third party to mitigate settlement
risk. Like the risk hedging in Bilski, the concept of intermediated settlement is “ ‘a
fundamental economic practice long prevalent in our system of commerce,” ibid., and

the use of a third-party intermediary (or “clearing house”) is a building block of the

Ex.1002 / Page 515 of 664



Application/Control Number: 14/181,112 Page 10
Art Unit: 2449

modern economy. Thus, intermediated settlement, like hedging, is an “abstract idea”
beyond §101 ’s scope, pp. 7-10.))

36 (Bilski, 130 S. Ct. at 3227 ("The Court's precedents establish that the
machine-or-transformation test is a useful and important clue, and investigative tool, for
determining whether some claimed inventions are processes under §101.")

37 (Diehr, 450 U.S. at 184 (“That respondents’ claims [to a specific rubber
molding process] involve the transformation of an article, in this case raw, uncured
synthetic rubber, into a different state or thing cannot be disputed. The respondent's
claims describe in detail a step-by-step method for accomplishing such, beginning with
the loading of a mold with raw, uncured rubber and ending with the eventual opening of
the press at the conclusion of the cure.”). See also Benson, 409 U.S. at 70
(“Transformation and reduction of an article ‘to a different state or thing’ is the clue to
the patentability of a process claim that does not include particular machines. So it is
that a patent in the process of ‘manufacturing fat acids and glycerine from fatty bodies
by the action of water at a high temperature and pressure’ was sustained in Tilghman,
102 U.S. at 7217).

38 (Mayo, 132 S. Ct. at 1299, 1302 (claim ineligible because the recited
“instructions add nothing specific to the laws of nature other than what is well-
understood, routine, conventional activity, previously engaged in by those in the field,”
which was “[u]nlike, say, a typical patent on a new drug or a new way of using an

existing drug”)).

Ex.1002 / Page 516 of 664



Application/Control Number: 14/181,112 Page 11
Art Unit: 2449

39 (Alice Corp., 134 S. Ct. at 2360 (As to its system claims, petitioner
emphasizes that those claims recite “specific hardware” configured to perform “specific
computerized functions.” Brief for Petitioner 53. But what petitioner characterizes as
specific hardware - a “data processing system” with a “communications controller” and
“data storage unit,” for example, see App. 954,958, 1257 - is purely functional and
generic. Nearly every computer will include a “communications controller” and “data
storage unit” capable of performing the basic calculation, storage, and transmission
functions required by the method claims. As a result, none of the hardware recited
"offers a meaningful limitation beyond generally linking 'the use of the [method] to a
particular technological environment,' that is, implementation via computers" (citing

Bilski v, Kappos 561 U.S. at 610, 611));

Limitation that were not found to be enough to qualify as "significantly

more"

1. Adding the words "encoding" (or an equivalent) with an abstract idea, or
mere instructions to implement an abstract idea on a computer.40

2. Simply appending well-understood, routine and conventional activities
previously known to the industry, specified at a high level of generality, to the judicial
exception, e.g., a claim to an abstract idea requiring no more than a generic computer
to perform generic computer functions that are well understood, routine and

conventional activities previously known to the industry;41
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3. Adding insignificant extra-solution activity to the judicial exception, e.g., mere
data gathering in conjunction with a law of nature or abstract idea; 42or

4. Generally linking the use of the judicial exception to a particular technological
environment or field of use.43

40 (Id., at 2358 (simply implementing a mathematical principle on a physical
machine, namely a computer][i]s not a patentable application of that principle.” citing
Mayo, 132 S. Ct. at 1301))

41 (Id., at 2359 (using a computer to obtain data, adjust account balances, and
issue automated instructions); Mayo, 132 S. Ct. at 1300 (telling a doctor to measure
metabolite levels in the blood using any known process).

42 (Mayo, 132 S. Ct. at 1297-98 (measuring metabolites of a drug administered
to a patient); Flook, 437 U.S. at 589-90 (1978) (adjusting an alarm limit variable to a
figure computed according to a mathematical formula)

43 (Mayo, 132 S. Ct. at 1300-01 (citing Bilski, 130 S.Ct. 3223-24 (limiting
hedging to use in commaodities and energy markets); Flook, 437 U.S. at 589-90.

*a copy of the federal register can be found at

hitp/Anww. apo.gov/idsys/pka/FR-2014-12-16/odf/2014-29414 . pdi

Claims 2-11 are rejected under 35 U.S.C. 101 because the claimed invention

is directed to non-statutory subject matter.
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The claims recite “a computer-readable medium’. The specification is silent
regarding the meaning of “a computer-readable medium’. This can include signal per
se. Thus, applying the broadest reasonable interpretation in light of the specification and
taking into account the meaning of the words in their ordinary usage they would be
understood by one of ordinary skill in the art (MPEP §2111), the claim as a whole
covers both transitory and not transitory media. A transitory media does not fall into any
of the 4 categories of invention (Process, Machine, Manufacture, or composition of
matter). Therefore claim 1 is rejected under 35 U.S.C. 101 for being directed towards
non-statutory subject matter. The applicant is respectfully suggested to amend the

claims to overcome the 35 USC § 101 rejection.

Claim Rejections - 35 USC § 102
The following is a quotation of the appropriate paragraphs of pre-AlA 35 U.S.C.

102 that form the basis for the rejections under this section made in this Office action:

A person shall be entitled to a patent unless —

(b) the invention was patented or described in a printed publication in this or a foreign country
or in public use or on sale in this country, more than one year prior to the date of application
for patent in the United States.

Claims 2, and 4-11 are rejected under 35 U.S.C. 102(b) as being anticipated

by Block et al. (US PGPub 2005/0021751).

As per claim 2, Block teaches a computer cluster (Block, ....cluster data port

services within a cluster infrastructure. See paragraph [0025]) comprising:
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a plurality of nodes, wherein one or more of the nodes receives a command to
start a cluster initialization process for the computer cluster, and wherein each of the
nodes is configured to access a computer-readable medium comprising program code
for a single-node kernel module (Block, ..... multiple logical or TCP connections to a
designated target node with designated backup target nodes, which appears to the user
(i.e., an operating system or kernel component) like a single data port or data pipe.
See paragraph [0044]) configured to interpret user instructions; and a mechanism for
the nodes to communicate with each other. (Block, establishment of multiple network
connections between a source node, a target node and one or more backup nodes in
such a manner that a cluster data port is effectively utilized as single data port. See

paragraph [0025]).

As per claim 4, Block teaches wherein the mechanism comprises a message
passing interface. (Block, a single data port instance may also support target to source

message sends. See paragraph [0050]).

As per claim 5, Block teaches wherein each of the nodes comprises one or more

cluster node modules. (Block, cluster data port services within a cluster infrastructure to

provide reliable and efficient communications between nodes. See paragraph [0010]).

As per claim 6, Block teaches wherein each single-node kernel module is stored

in a computer-readable medium and configured to accept and execute a request.
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(Block, The routines executed to implement ......... operating system or a specific
application, component, program, object, module or sequence of instructions, will also
be referred to herein as "computer program code," or simply "program code." See

paragraph [0039], [0049]).

As per claim 7, Block teaches wherein each of the nodes comprises one or more
cluster node modules, and each of the cluster node modules is stored in a computer-
readable medium and configured to communicate with the single-node kernel and with
one or more other cluster node modules. (Block, ..... multiple logical or TCP connections
to a designated target node with designated backup target nodes, which appears to the
user (i.e., an operating system or kernel component) like a single data port or data

pipe. See paragraph [0044], [0039]).

As per claim 8, Block teaches wherein the plurality of cluster node modules act
as a cluster. (Block, utilize cluster data port services within a cluster infrastructure to
provide reliable and efficient communications between nodes in a clustered computer

system. See paragraph [0010]).

As per claim 9, Block teaches wherein the plurality of cluster node modules

communicate with one another to act as a cluster. (Block, Nodes 12, 14 and 16 are

typically coupled together via a clustering network 18. See paragraph [0028]).
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As per claim 10, Block teaches wherein the computer cluster includes a user
interface. (Block, Cluster manager application 60 that provides the user interface
whereby a user such as a systems administrator can manage clustering operations in

the system. See paragraph [0037]).

As per claim 11, Block teaches wherein each cluster node module accepts
instructions from the user interface and interprets one or more of the instructions.
(Block, Cluster manager application 60 that provides the user interface whereby a user
such as a systems administrator can manage clustering operations in the system. See

paragraph [0037], [0039]).

Claim Rejections - 35 USC § 103
The following is a quotation of pre-AlA 35 U.S.C. 103(a) which forms the basis

for all obviousness rejections set forth in this Office action:

(a) A patent may not be obtained though the invention is not identically disclosed or described
as set forth in section 102 of this title, if the differences between the subject matter sought to
be patented and the prior art are such that the subject matter as a whole would have been
obvious at the time the invention was made to a person having ordinary skill in the art to which
said subject matter pertains. Patentability shall not be negatived by the manner in which the
invention was made.

Claim 3 is rejected under 35 U.S.C. 103(a) as being unpatentable over Block

et al. (US PGPub 2005/0021751) in view of Gray (USPGPub 2007/0073705).

As per claim 3, Block teaches the computer cluster of claim 2 but doesn’t teach a

Mathematica kernel. In analogous art Gray teaches a Mathematica kernel. (Gray, The

front end may include an interactive document referred to as a notebook similar to those
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often used with MATHEMATICA.RTM. software systems. A notebook may include input
to be sent to the kernel 104 and output received from the kernel, as well as text,
graphics, palettes, etc. see paragraph [0031]).

Therefore it would have been obvious to one of ordinary skill in the art at the time
the invention was made to take the teaching of Gray and apply them on the teaching of
Block because the kernel and the front end may be implemented on a same computing
system or on different computing systems that are communicatively coupled to one

another. (Gray, see paragraph [0030]).

Conclusion
The prior art made of record and not relied upon is considered pertinent to
applicant's disclosure. This includes:
U.S. PGPub (2007/0094532), which describes Kernel Debugging in a cluster
computing system.
U.S. Patent (6,968,359), which describes merge protocol for cluster computer

system.

Any inquiry concerning this communication or earlier communications from the
examiner should be directed to HERMON ASRES whose telephone number is
(671)272-4257. The examiner can normally be reached on Monday - Friday 7:30 am to

5:00 pm est.
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If attempts to reach the examiner by telephone are unsuccessful, the examiner’'s
supervisor, VIVEK SRIVASTAVA can be reached on 571-272-7304. The fax phone
number for the organization where this application or proceeding is assigned is 571-
273-8300.

Information regarding the status of an application may be obtained from the
Patent Application Information Retrieval (PAIR) system. Status information for
published applications may be obtained from either Private PAIR or Public PAIR.
Status information for unpublished applications is available through Private PAIR only.
For more information about the PAIR system, see http://pair-direct.uspto.gov. Should
you have questions on access to the Private PAIR system, contact the Electronic
Business Center (EBC) at 866-217-9197 (toll-free). If you would like assistance from a
USPTO Customer Service Representative or access to the automated information

system, call 800-786-9199 (IN USA OR CANADA) or 571-272-1000.

/HERMON ASRES/
Examiner, Art Unit 2449

/VIVEK SRIVASTAVA/

Supervisory Patent Examiner, Art Unit 2449
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33 2005/0021751 01-27-2005 Block et al.
34 2005/0038852 02-17-2005 Howard
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36 2005/0076105 04-07-2005 Keohane et al.
37 2005/0108394 05-19-2005 Braun et al.
38 2005/0180095 08-18-2005 Ellis
39 2006/0053216 03-09-2006 Deokar et al.
40 2006/0106931 05-18-2006 Richoux
N | 2007/0044099 02-22-2007 Rajput
42 2007/0073705 03-29-2007 Gray
43 2008/0250347 10-09-2008 Gray et al.
44 2008/0281997 11-13-2008 Archer et al.
FOREIGN PATENT DOCUMENTS
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46 JP 2002117010 w/ English | 04-19-2002 International Business
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49| CARNS et al., “An Evaluation of Message Passing Implementations on Beowulf Workstations”,
Aerospace Conference, March 6-13, 1999, IEEE 1999, Vol. 5, pp. 41-54.

50| PAUGER et al,, “Plug-and-Play Cluster Computing using Mac OS X", IEEE International Conference,
December 1-4, 2003, Paper appears in Cluster Computing January 8, 2004, pp. 430-435.

51| DPAUGER et al., Plug-and Play Cluster Computing: High-Performance Computing For the Mainstream”,
IEEE Computing in Science and Engineering, March/April 2005, pp 27-33.

52 | HAMSCHER et al., "Evaluation of Job-Scheduling Strategies for grid Computing”, LNCS: Lecture Notes
in Computer Science, 2000, pp. 191-202.

53 | International Search Report dated September 11, 2008, International Application No. PCT/US07/70585
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54| JAHANZEB et al., "Libra: a computational economy-based job scheduling system for clusters”,
Software Practice and Experience, February 24, 2004, Vol. 34, pp. 573-590.

55 |JAIN et al., "Data Clustering: A Review", ACM Computing Surveys, September 1999, Vol. 31, No. 3.
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Laboratory, Lexington, MA.

57| KIM, Hahn et al., “Introduction to Parallel Programming and pMatlab v2.0", 2011, MIT Lincoln
Laboratory, Lexington, MA.

58| MAEDER, R., "Mathematica Parallel Computing Toolkit: Unleash the Power of Parallel Computing"”,
Wolfram Research, January 2005.

59| TEPENEU and IDA, “MathGridLink — A bridge between Mathematica and the Grid”, Nippon Sofutowea
Kagakkai Taikai Ronbunshu, 2003, Vol. 20, pp. 74-77.

60 | Wolfram, Stephen: THE MATHEMATICA BOOK 5TH Edition; Wolfram Research, Inc. 2003
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9 16793 H04L41/22.cpc. US-PGPUB; iOR OFF 2015/07/24
USPAT; 20:28
EPO; JPO;
DERWENT;
IBM_TDB
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20060106931-$.DID. OR US-
20070044099-$.DID. OR US
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$46 10 ("8402080").PN. US-PGPUB; iOR OFF 2016/07/08
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$A47 {2 ("8849889").PN. US-PGPUB; #OR OFF 2016/07/08
USPAT; 18:44
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$48 §101 ("20020049859" | "20030005266" | US-PGPUB; H{OR OFF 2016/07/08
"20030051062" | "20030135621" | USPAT; 18:44
"20030195931" | "20030195938" | EPO; JPO;
"20040110209" | "20040157203" | DERWENT;
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"20050038852" | "20050060237" |
"20050076105" | "20050108394" |
"20050180095" | "20060053216" |
"20060106931" | "20070044099" |
"20070073705" | "20080250347" |
"20080281997" | "5423046" | "5881315"
| "5930768" | "6108699" | "6202080" |
"6546403" | "6578068" | "6751698" |
"8782537" | "6968335" | "7093004" |
"7136924" | "7174381" | "7249357" |
"7334232" | "7437460" | "7472193" |
"7554949" | "7937455" | "8082289" |
"8140612" | "8402083" |
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1'8676877").PN.

$49

mathematica with cluster

US-PGPUB;

USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

OFF

2016/07/08
18:50

S50

43

mathematica same cluster

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

OFF

2016/07/08
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S51

537678

stephen wolfram mathematica kernel

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB

OR

OFF

2016/07/08
19:42

50

(stephen near2 wolfram).in.

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB
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OFF

2016/07/08
19:42

S53

$52 and mathematica and kernel

US-PGPUB;
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EPO; JPO;
DERWENT;
IBM_TDB

OR

OFF

2016/07/08
19:43
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US-PGPUB;
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EPO; JPO;
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IBM_TDB
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2016/07/08
19:43

S55
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US-PGPUB;
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EPO; JPO;
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IBM_TDB
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2016/07/08
19:43
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US-PGPUB;
USPAT;
EPO; JPO;
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2016/07/08
19:44

S57

("gridMathematica").PN.

US-PGPUB;
USPAT;
EPC; JPO;
DERWENT;
IBM_TDB
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OFF

2016/07/09
10:16

S58

("gridwithMathematica").PN.

US-PGPUB;
USPAT;
EPC; JPO;
DERWENT;
IBM_TDB
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OFF

2016/07/09
10:16

S59
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grid with Mathematica
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EPO; JPO;
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20

gridMathematica
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gridMathematica

US-PGPUB;
USPAT;
EPO; JPO;
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2578

Mathematica

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
|BM_TDB
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OFF

2016/07/09
10:22

Sed
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Mathematica and kernel

US-PGPUB;
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EPO; JPO;
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|IBM_TDB
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2016/07/09
10:22

S65

15749

wolfram

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
|IBM_TDB
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OFF

2016/07/09
10:29
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wolfram.in.

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
|BM_TDB
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OFF

2016/07/09
10:29

Se7
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US-PGPUB;
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EPO; JPO;
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|BM_TDB
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OFF

2016/07/09
10:30

S68
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$66 and kernel

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
|BM_TDB
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OFF

2016/07/09
10:30

S69

("20070073705").PN.

US-PGPUB;
USPAT;
EPO; JPO;
DERWENT;
IBM_TDB
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2016/07/09
10:44
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EPO; JPO;
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OFF

2016/07/09
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PROBLEM TO BE SOLVED: To realize cluster structure having a targe number of nodes without
sharply increasing communication between nodes, and to flexibly change the number of nodes.
SOLUTION: ©n a plurality of computers which are at least part of server computers 10-1 to 10-
4 constituting a cluster system, for example, computers 10-2 and 10-3, work servers 12-1 and
12-2 which perform service control for providing a service requested from a client terminal 23
operate independently. Also, on a plurality of computers which are at least part of server
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Docket No.: ZTANN.002P1C3 Customer No. 20995

INFORMATION DISCLOSURE STATEMENT

Inventor :  Tannenbaum, Zvi

App. No. : 14/181,112

Filed . February 14, 2014

For :  CLUSTER COMPUTING
Examiner . Asres, Hermon

Art Unit 1 2449

Conf.No. : 6874

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

References and Listing

Pursuant to 37 CFR 1.56, an Information Disclosure Statement listing references is
provided herewith. Copies of any listed foreign and non-patent literature references are being
submitted. The foreign reference includes an English abstract, but no representation is made as to
its accuracy.

If the Examiner would like additional information regarding these references or if
anything is unclear, the Examiner is invited to contact the undersigned for assistance.
No Disclaimers

To the extent that anything in the Information Disclosure Statement or the listed
references could be construed as a disclaimer of any subject matter supported by the present
application, Applicant hereby rescinds and retracts such disclaimer.
Timing of Disclosure

This Information Disclosure Statement is being filed before the receipt of a First Office
Action on the merits, and presumably no fee is required. If a First Office Action on the merits
was mailed before the mailing date of this Statement, the Commissioner is authorized to charge

the fee set forth in 37 CFR 1.17(p) to Deposit Account No. 11-1410.
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Filing Date: February 14, 2014

Respectfully submitted,

KNOBBE, MARTENS, OLSON & BEAR, LLP
Dated: November 18, 2015 By:/Lance D. Smemoe/

Lance D. Smemoe
Registration No. 66,152
Attorney of Record
Customer No. 20995
(949) 760-0404
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
14/181,112 02/14/2014 7Z~v1 Tannenbaum ZTANN.002P1C3
CONFIRMATION NO. 6874
20995 PUBLICATION NOTICE
KNOBBE MARTENS OLSON & BEAR LLP
2040 MAIN STREET N AT AR
000000072462299

FOURTEENTH FLOOR
IRVINE, CA 92614

Title:CLUSTER COMPUTING

Publication No.US-2014-0372586-A1
Publication Date:12/18/2014

NOTICE OF PUBLICATION OF APPLICATION

The above-identified application will be electronically published as a patent application publication pursuant to 37
CFR 1.211, et seq. The patent application publication number and publication date are set forth above.

The publication may be accessed through the USPTO's publically available Searchable Databases via the
Internet at www.uspto.gov. The direct link to access the publication is currently http://www.uspto.gov/patft/.

The publication process established by the Office does not provide for mailing a copy of the publication to
applicant. A copy of the publication may be obtained from the Office upon payment of the appropriate fee set forth
in 37 CFR 1.19(a)(1). Orders for copies of patent application publications are handled by the USPTO's Office of
Public Records. The Office of Public Records can be reached by telephone at (703) 308-9726 or (800) 972-6382,
by facsimile at (703) 305-8759, by mail addressed to the United States Patent and Trademark Office, Office of
Public Records, Alexandria, VA 22313-1450 or via the Internet.

In addition, information on the status of the application, including the mailing date of Office actions and the

dates of receipt of correspondence filed in the Office, may also be accessed via the Internet through the Patent
Electronic Business Center at www.uspto.gov using the public side of the Patent Application Information and
Retrieval (PAIR) system. The direct link to access this status information is currently http://pair.uspto.gov/. Prior to
publication, such status information is confidential and may only be obtained by applicant using the private side of
PAIR.

Further assistance in electronically accessing the publication, or about PAIR, is available by calling the Patent
Electronic Business Center at 1-866-217-9197.

Office of Data Managment, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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Doc Code: TRAN.LET
Document Description: Transmittal Letter

(to be used for all correspondence after initial filing)

PTO/SB/21 (07-09)

Approved for use through 07/31/2012. OMB 0651-0031
us. Patent and Trademark Offloe U S DEPARTMENT OF COMMERCE

Appllcatlon Number 14/181,112

TRAN SM ITTAL Filing Date February 14, 2014

FORM First Named Inventor Tannenbaum, Zvi

Art Unit 2449 - Confirmation No. 6874

Examiner Name Asres, Hermon

k Total Number of Pages in This Submission

3 Attorney Docket Number | 1NN 002P1C3

ENCLOSURES  (Check all that apply)

[

OO 4o

D Fee Transmittal Form D Drawing(s)
|:| Fee Attached

Amendment/Reply

D After Final

|:| Affidavits/declaration(s)
Extension of Time Request
Express Abandonment Request

Information Disclosure Statement

Reply to Missing Parts/
Incomplete Application
Reply to Missing Parts
under 37 CFR 1.52 or 1.53

N

Licensing-related Papers

Petition

Petition to Convert to a I:I
Provisional Application

Power of Attorney, Revocation I:I
Change of Correspondence Address

Terminal Disclaimer

Request for Refund

DOOoon O

CD, Number of CD(s)

D Landscape Table on CD

Inventor Declarations

After Allowance Communication to TC
Appeal Communication to Board
of Appeals and Interferences

Appeal Communication to TC
(Appeal Notice, Brief, Reply Brief)

Proprietary Information

Status Letter

Other Enclosure(s) (please Identify
below):

Certified Copy of Priority Remarks

Document(s)

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT

Firm Name

Knobbe, Martens, Olson & Bear, LLP

Signature

/Lance D. Smemoe/

Printed name

Lance D. Smemoe

Date

December 4, 2014 Reg. No. |46 152

-

CERTIFICATE OF TRANSMISSION/MAILING

~

| hereby certify that this correspondence is being facsimile transmitted to the USPTO or deposited with the United States Postal Service with
sufficient postage as first class mail in an envelope addressed to: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450 on
the date shown below:

Signature

Typed or printed name

Date J

This collection of information is required by 37 CFR 1.5. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and1.14. This collection is estimated to 2 hours to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the
amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0-9199 and select option 2.
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PTO/AIA/01 (06-12)

Approved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERGE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

DECLARATION (37 CFR 1.63) FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76)

coceccrs
e

Tileof |CLUSTER COMPUTING

Invention

As the below named inventor, | hereby declare that:

This declaration ' -
is directed fo: D The attached application, or

United States application or PCT international application number 14/181,112
February 14, 2014

fited on

The above-identified application was made or authorized to be made by me.

| believe that | am the original inventor ar an original joint inventor of a claimed invention in the application.

I hereby acknowiedge that any willful false statement made in this declaration is punishable under 18 U.S.C. 1001
by fine or imprisonment of not more than five (5) years, or both.

WARNING:

Petitioner/applicant is cautioned to avoid submitting personal information in documents fited in a patent application that may
contribute to identity theft. Personal information such as social security numbers, bank account numbers, or credit card numbers
{other than a check or credit card authorization form PT0-2038 submitted for payment purposes) is never required by the USPTO
to support a petition or an application. if this type of personal information is included in documents submitted io the USPTO,
petitioners/applicants should consider redacting such personal information from the documents before submitting them to the
USPTO. Petitioner/applicant is advised that the record of a patent application is available to the public after publication of the
application (unless a non-publication request in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also be available io the public if the application is
referenced in a published application or an issued patent (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly available.

LEGAL NAME OF INVENTOR

Date (Optional) : -;'3 };f f ;L sf/ ;{{g

Signature:

Note: An application data sheet (PTO/SB/14 or equivalent), including naming the entire inventive entity, must accompany this form or must have
been previously filed. Use an additional PTO/AIA/01 form for each additional inventor.

This coliection of infonmation is required by 35 U.S.C. 115 and 37 CFR 1.63. The information is required to obtain or retain a benefit by the public which is to file (and
by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 1 minute to
complete, including gathering, preparing, and submitting the completed appfication form to the USPTQ. Time will vary depending upon the individual case. Any
comments on the amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S.
Patent and Trademark Office, U.S. Department of Commerce, P.C. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1458, Alexandria, VA 22313-1450.

if you need assistance in completing the form, call 1-800-PTO-3199 and sefect option 2.
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PTO/AIA/QT (06-12)

Appraved for use through 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1985, no persens are required to respond te a colfection of information unless it displays a valid OMB control number.

DECLARATION (37 CFR 1.63} FOR UTILITY OR DESIGN APPLICATION USING AN
APPLICATION DATA SHEET (37 CFR 1.76}

Title of  §
invention §

As the below named invantor, | heraby declare that:

This declaration B The attached agplication, of

is directed to:
' 14/181 112
E&] United States application or PCT international application number

February 14, 2014

filed on

The above-identified application was made or authorized 1o be made by ma.

| believe that | am the original inventor or an eriginal joint inventor of a claimed invention in the application.

} hereby acknowledge that any willfu! false statement made in this declaration is punishable under 18 U.5.C. 1001
by fine or imprisonment of not more than five (5) vears, or both.

WARNING:

Patitioner/applicant is cautioned to avoid submitting persenal information in documents filed in a patent application that may
contribute to identity theft. Personal information such as social securily numbers, bank account niurnbers, or credit card numbers
{other than a check or credit card authorization form PT0-2038 submitted for payment purposes) is never required by the USPTO
to support a petition or an application. If this type of personal information is included in documents submitted to the USPTQ,
petitioners/applicants should consider redacting such personat information from the documents before subimitiing them to the
USPTO. Petitionerfapplicant is advised that the record of a patent application is available to the public after publication of the
application {unless a non-publication raquest in compliance with 37 CFR 1.213(a) is made in the application) or issuance of a
patent. Furthermore, the record from an abandoned application may also be available to the public if the application is
referenced in a published application or an issued pataat (see 37 CFR 1.14). Checks and credit card authorization forms
PTO-2038 submitted for payment purposes are not retained in the application file and therefore are not publicly avaiiabie.

LEGAL NAME OF INVENTOR

inventor: Date (Optional) :

Dean E. Dauger

Signsture:

Note: An application data sheet (PTO/SB/14 or equivalent), inciuding naming the entire inventive entity, must accompany this form or must have
been previously filed. Use an additional PTO/AIA/Q1T form far each additional inventor,

This collection of information is required by 35 U.5.C. 115 and 37 CFR 1.63. The information is required to obtain o retain a benefit by the public which is to file {and
by the USPTO to process) an application. Confidentiality is governed by 35 U.5.C. 122 and 37 CFR 1.11 and 1.14. This collection is estimated to take 1 minute to
complete, including gathering, prepafing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any
comments on the amount of time you require fo complets this form andfor suggestions for reducing this burden, shoult e sent to the Chief information Officer, tJ.S.
Patent and Trademark Office, U.8. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TQ
THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, V8 22313-1450.

if you need assistance in completing the form, cail 1-800-PTO-2189 and selsct aption 2.
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Electronic Acknowledgement Receipt

EFS ID: 20871208
Application Number: 14181112
International Application Number:
Confirmation Number: 6874
Title of Invention: CLUSTER COMPUTING

First Named Inventor/Applicant Name:

Zvi Tannenbaum

Customer Number:

20995

Filer:

Lance Dean Smemoe/Gustavo Lopez

Filer Authorized By:

Lance Dean Smemoe

Attorney Docket Number: ZTANN.002P1C3
Receipt Date: 04-DEC-2014
Filing Date: 14-FEB-2014
Time Stamp: 18:15:08

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (if appl.)
. 3082228
Declarations_ztann_002p1c3.
1 yes 3

p b0382db3d099ee16ca05a633056923a422:
alcof
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Multipart Description/PDF files in .zip description
Document Description Start End
Transmittal Letter 1 1
Oath or Declaration filed 2 3
Warnings:
Information:
Total Files Size (in bytes){ 3082228

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371
If a timely submission to enter the national stage of an international application is compliant with the conditions of 35

U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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2 UNITED STATES PATENT AND TRADEMARK OFFIGE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

| APPLICATION NUMBER |

FILING OR 371(C) DATE [ FRSTNAMED APPLICANT | ATTY. DOCKETNO/TITLE |
14/181,112 02/14/2014 7Zv1 Tannenbaum ZTANN.Q02P1C3
CONFIRMATION NO. 6874
20995 POA ACCEPTANCE LETTER
KNOBBE MARTENS OLSON & BEAR LLP

2040 MAIN STREET

R A
FOURTEENTH FLOOR 000000070 728457

IRVINE, CA 92614

Date Mailed: 09/16/2014

NOTICE OF ACCEPTANCE OF POWER OF ATTORNEY
This is in response to the Power of Attorney filed 09/10/2014.

The Power of Attorney in this application is accepted. Correspondence in this application will be mailed to the
above address as provided by 37 CFR 1.33.

/dtdinh/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 1 of 1
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 14/181,112
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), (b), or (c)) N/A N/A N/A 70 N/A
SEARCH FEE
P e R, N/A N/A N/A 300 N/A
EXAMINATION FEE
(37 CFR 1.16(0), (B} or (@) N/A N/A N/A 360 N/A
TOTAL CLAIMS ]
(37 CFR 1.16(1)) 10 minus 20= X 40 - 0.00 OR
INDEPENDENT CLAIMS *
(37 CFR 1.16(h)) 1 minus 3 = X 210 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0” in column 2. TOTAL 730 TOTAL
APPLICATION AS AMENDED - PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(®) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
LU Total . i - =
=S (37 CF(:H 16(7)) Minus x = OR =
% Independent * Minus | *** =
& (37 CFR 1.16(h)) X = OR -
<§: Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CGFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE(S) FEE(S)
E AMENDMENT PAID FOR
L Total * Minus | ** = X -
= (37 CF?H.IB(H) OR -
% Independent * Minus | *** = M _ OR _
w (37 CFR 1.16(h) = =
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CGFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

[ APPLICATIONNUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
14/181,112 02/14/2014 Zvi Tannenbaum ZTANN.002P1C3
CONFIRMATION NO. 6874

20995 NOTICE
KNOBBE MARTENS OLSON & BEAR LLP

2040 MAIN STREET AL

FOURTEENTH FLOOR 0000000706
IRVINE, CA 92614

B

8085

Date Mailed: 09/11/2014

INFORMATIONAL NOTICE TO APPLICANT

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's
oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the
expiration of the time period set in the "Notice of Allowability” to avoid abandonment. See 37 CFR 1.53(f).

The item(s) indicated below are also required and should be submitted with any reply to this notice to avoid
further processing delays.

« A properly executed inventor's oath or declaration has not been received for the following inventor(s):
Zvi Tannenbaum

Dean E. Dauger

page 1 of 1
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE REC'D I ATTY.DOCKET.NO ITOT CLAIMSI IND CLAIMSl
14/181,112 02/1472014 2447 800 ZTANN.002P1C3 10 1
CONFIRMATION NO. 6874
20995 UPDATED FILING RECEIPT
KNOBBE MARTENS OLSON & BEAR LLP
2040 MAIN STREET T I OO
FOURTEENTH FLOOR 00000007064508

IRVINE, CA 92614
Date Mailed: 09/11/2014

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)

Zvi Tannenbaum, Newport Beach, CA;

Dean E. Dauger, Huntington Beach, CA;
Applicant(s)

Advanced Cluster Systems, Inc., Aliso Viejo, CA
Assignment For Published Patent Application

Advanced Cluster Systems, Inc., Aliso Viejo, CA

Power of Attorney: None

Domestic Priority data as claimed by applicant
This application is a CON of 13/423,063 03/16/2012 PAT 8676877
which is a CON of 12/040,519 02/29/2008 PAT 8140612
which is a CIP of 11/744,461 05/04/2007 PAT 8082289
which claims benefit of 60/813,738 06/13/2006
and claims benefit of 60/850,908 10/11/2006

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices
(PTO/SB/39 or its equivalent) has been received by the USPTO.

If Required, Foreign Filing License Granted: 03/04/2014
page 1 of 3
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/181,112

Projected Publication Date: 12/18/2014
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **

Title

CLUSTER COMPUTING
Preliminary Class

709

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No
PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

page 2 of 3
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.

page 3 of 3
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Doc Code: PA..

o ' bl e ) PTOIAIAS2B (0713}
Document Description: Power of Attorney Approved for use irough 115302014, OMB 08510081
U.8. Patent and Trademark Office: U.3. DEPARTMENT OF COMMERCE

Under the Pageosork Reduction Adt of 1985, no persenms are required lo respond fo a colfection of information unless it displays a valid OMB contral number

POWER OF ATTORNEY BY APPLICANT

{ hereby revoke all previous powers of attorney given in the application identified in gither the aitached transmiltal letter or
the ques helow,

Application Number Filing Date

(Noté: The boxes above may be left blank if information is provided on form PTOMAIAB2A.)

| heraby appoint the Patent Practitioner{s) asseciated vith the following Customer Number as myfour altormey(s) or ageni(s), and
o transact ali business in the United States Patent and Trademark Office connected therewith for the application referenced in
the attached transmittel letter (forra PTO/AIAB2A) or identified above: |~

or 20995

D | hereby appeint Practitioner{s] named in the attached list {(form PTOAIAR2C)Y as myfour attorney(s) or agent{s), and to transact
aff business in the United Stales Patent and Tradermark Office connected therewith for the patent application referenced in the
attached ransmittal lstter {form PTOIAIA/BZA] or identified above. {Note: Complete form PTO/AIAMB2C )

Please recognize or change the correspondence address for the application identified in the atiached transmittal
letter or the boxes above to:

The address associatad with the above-mentioned Custormer Number

DR
D The address assoclaied with Customer Number |
QR
Firm or
Indhvidual Namse
Address
City | State | Zp |
Couniry o
Telephone i Email ;

tam the Applicant (if the Applicant s a juristic erdity, fist the Applicant name in the box):

Advanced Cluster Systems, Inc.

Ej tnventor or Joint Inventor (iitle nat required below
D Legal Representative of a Decsasad or Legally Incapacitated Inventor {titie nof required below)
' Assignee of Person to Whom the inventer is Under an Cbligation to Assign {provide signer's litie if applicant is a juristic entity}

D Parson VWho Otherwise Shows Sufficient Propristary irdarast {e.g., a petition under 37 CFR 1.46(b)(2} was granted in the
application of is concurently being filed with this docusignt} (provide signet's title if applicant is 2 juristic entity)

N &E@NﬁURE‘;{ﬁ Applicant for Patent
The undersigned (whose fitte is supplied bgmﬁmmﬁg:fh\aﬁ\gn behalf of the applicant (e.g., whare the applicant is a juristic entity}.
Stgnature [ N 3 | Date (Optional) |
Name _1 Zvi Tannenbaum
Title Chief Executive Officer

NOTE: Signature - This form must be signed by the applicant in accordance with 37 CFR 1.33. See 37 CFR 1.4 for sign atu?e reduiremeht&s
and cerlifications. If more than one applicant, use multiple forms.

o*tai of 1 forms are subimifted.

This sotisction of informastian is requirsd by 37 CFR 1,121, 1.32, and 1.33. The information is reguired o obtain of retain o banefis by the public whish is o fite Gand by the
USRTY to process) sn applicstion, Confidentiality & governed by 35 1.5.C. 122 and 37 CFR 1.1t and 1.14. This collection is sstimated to take 3 minides 1o complele,
including gathering, prepadag, and submiiting the complated application fonm to the USPTO. Time witl vary depsnding spon the individual case. Any commerits on the amount
of time you require to complete this form andior suggestions for redusing this burdsn, should be sent ta the Chief fnformation Oficer, U8, Patent ang Trademark Office, U.S.
Dopartment of Commarce, P.O. Bax 1454, Alexsindnia, Vo 22313-145¢. DO KOT SEND FEES OR COMPLETED FORMS TO THIS ADDRESS. SEND TO: Conmissioner
fus Fatents, F.0. Box 1450, Alexandriz, VA 22313-14580,

i you nead assisfance in comgleting the form, call 1-800-T(C-9198 and select option 2.
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Docket No.: ZTANN.002P1C3 Customer No. 20995

INFORMATION DISCLOSURE STATEMENT

Inventor :  Zvi Tannenbaum

App. No. : o 14/181,112

Filed . February 14, 2014

For :  CLUSTER COMPUTING
Examiner : Not yet assigned

Art Unit 12447

Conf.No. : 6874

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

References and Listing

Submitted herewith in the above-identified application is an Information Disclosure
Statement listing references for consideration. Listed references are of record in U.S. Patent
Application No. 13/423,063, filed March 16, 2012, which is the parent of this Continuation
application, and is relied upon for an earlier filing date under 35 USC 120. Copies of the
references are not submitted pursuant to 37 CFR 1.98(d).

Citation numbers 20-23 identify commonly owned issued patents.!
Timing of Disclosure

This Information Disclosure Statement is being filed before the receipt of a First Office
Action on the merits, and presumably no fee is required. If a First Office Action on the merits
was mailed before the mailing date of this Statement, the Commissioner is authorized to charge

the fee set forth in 37 CFR 1.17(p) to Deposit Account No. 11-1410.

1 please consider whether the disclosure, claims, and prosecution history of these items are relevant to the patentability of the present
application. The Examiner has access to these materials through the PTO computer systems. If additional copies are desired, please notify
Applicants through their attorneys. Signature on the attached Supplemental IDS Form PTO/SB-08 indicates consideration of the above,
including file histories.
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Application No.: 14/181,112

Filing Date: February 14, 2014

Respectfully submitted,

KNOBBE, MARTENS, OLSON & BEAR, LLP
Dated: September 10, 2014 By:_/Lance D. Smemoe/

Lance D. Smemoe
Registration No. 66,152
Attorney of Record
Customer No. 20995
(949) 760-0404

18847890
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PTO/SB/08 Equivalent

Application No. 14/181,112
INFORMATION DISCLOSURE Filing Date 02-14-2014
First Named Inventor | Zvi Tannenbaum
STATEMENT BY APPLICANT .
Art Unit 2447
(Multiple sheets used when necessary) Examiner Not yet assigned

SHEET 1 OF 3

Attorney Docket No.

ZTANN.002P1C3

U.S. PATENT DOCUMENTS

. . Document Number — Pages, Columns, Lines Where
Ei(:;glr;er ﬂ;e Number - Kind Code (if known) P“L/JI:/III_CSS?YHY%&% Name of Patentee or Applicant Relevant Passages or Relevant
’ Example: 1,234,567 B1 Figures Appear
1 5,423,046 06-06-1995 Nunnelley, et al.
2 5,881,315 03-09-1999 Cohen
3 5,930,768 07-1999 Hooban
4 6,108,699 08-22-2000 Moiin
5 6,202,080 03-13-2001 Luetal.
6 6,546,403 04-08-2003 Carlson, Jr. et al.
7 6,578,068 06-10-2003 Bowman-Amuah
8 6,751,698 06-15-2004 Deneroff et al.
9 6,782,537 08-24-2004 Blackmore et al.
10 6,968,335 11-22-2005 Bayliss et al.
1 7,093,004 08-15-2006 Bernardin et al.
12 7,136,924 11-14-2006 Dauger
13 7,174,381 02-06-2007 Gulko et al.
14 7,249,357 07-24-2007 Landman et al.
15 7,334,232 02-19-2008 Jacobs et al.
16 7,437,460 10-14-2008 Chidambaran et al.
17 7,472,193 12-30-2008 Dauger
18 7,554,949 06-30-2009 Chen
19 7,937,455 05-03-2011 Saha et al.
8,082,289 (Attorney Docket |12-20-2011 Tannenbaum et al. U.S. Application No.
20 No. ZTANN.002A) 11/744,461 and its entire
prosecution history**
8,140,612 (Attorney Docket |03-20-2012 Tannenbaum et al. U.S. Application No.
21 No. ZTANN.002CP1) 12/040,519 and its entire
prosecution history**
8,402,083 (Attorney Docket |03-19-2013 Tannenbaum et al. U.S. Application No.
22 No. ZTANN.002CP1C1) 12/465,519 and its entire
prosecution history**
8,676,877 (Attorney Docket |03-18-2014 Tannenbaum et al. U.S. Application No.
23 No. ZTANN.002P1C2) 13/423,063 and its entire
prosecution history**
24 2002/0049859 04-25-2002 Bruckert et al.

Examiner Signature

Date Considered

*Examiner: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not
in conformance and not considered. Include copy of this form with next communication to applicant.

T' - Place a check mark in this area when an English language Translation is attached.

Ex.1002 / Page 581 of 664



PTO/SB/08 Equivalent

INFORMATION DISCLOSURE
STATEMENT BY APPLICANT

Application No.

14/181,112

Filing Date

02-14-2014

First Named Inventor

Zvi Tannenbaum

Art Unit

2447

(Multiple sheets used when necessary)

Examiner

Not yet assigned

SHEET 2 OF 3

Attorney Docket No.

ZTANN.O02P1C3

U.S. PATENT DOCUMENTS

Eﬁg&er ﬁ;e_ NumbeDr0 -C usznégl;:q (?felznown) P“L;I:)IFSS?YHY%&% Name of Patentee or Applicant gtjlge\e/:lh?;gjggzéé IS?;ZYQ\g:t
Example: 1,234,567 B1 Figures Appear
25 2003/0005266 01-02-2003 Dauger
26 2003/0051062 03-13-2003 Circenis
27 2003/0135621 07-17-2003 Romagnoli
28 2003/0195931 10-16-2003 Dauger
29 2003/0195938 10-16-2003 Howard et al.
30 2004/0110209 06-10-2004 Yokota, et al.
31 2004/0157203 08-12-2004 Dunk
32 2004/0252710 03-17-2005 Barsness et al.
33 2005/0021751 01-27-2005 Block et al.
34 2005/0038852 02-17-2005 Howard
35 2005/0060237 03-17-2005 Barsness et al.
36 2005/0076105 04-07-2005 Keohane et al.
37 2005/0108394 05-19-2005 Braun et al.
38 2005/0180095 08-18-2005 Ellis
39 2006/0053216 03-09-2006 Deokar et al.
40 2006/0106931 05-18-2006 Richoux
41 2007/0044099 02-22-2007 Rajput
42 2007/0073705 03-29-2007 Gray
43 2008/0250347 10-09-2008 Gray et al.
44 2008/0281997 11-13-2008 Archer et al.
FOREIGN PATENT DOCUMENTS
Examiner | Cite Foreign Patent Docur_’nent Publication Name of Patentee or Pages, Columns, Lines ,
Initials No. Country Coqe-Number-Klnd Code Date Applicant Where Relevgnt Passages or T
Example: JP 1234567 A1 MM-DD-YYYY Relevant Figures Appear
45 JP 08-87473 A 02-04-1996 Toshiba Corp
46 JP 2002117010 w/ English | 04-19-2002 International Business
Abstract Mach Corp

Examiner Signature

Date Considered

*Examiner: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not
in conformance and not considered. Include copy of this form with next communication to applicant.

T' - Place a check mark in this area when an English language Translation is attached.
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PTO/SB/08 Equivalent

Application No. 14/181,112
INFORMATION DISCLOSURE Filing Date 02-14-2014
STATEMENT BY APPLICANT First N.amed Inventor | Zvi Tannenbaum
Art Unit 2447
(Multiple sheets used when necessary) Examiner Not yet assigned
SHEET 3 OF 3 Attorney Docket No. | ZTANN.002P1C3

NON PATENT LITERATURE DOCUMENTS

Examiner | cite | INclude name of the author (in CAPITAL LETTERS), title of the article (when appropriate), title of the \
Initials No. item (book, magazine, journal, serial, symposium, catalog, etc.), date, page(s), volume-issue T
number(s), publisher, city and/or country where published.

"gridMathematica 1.1: Grid Computing Gets a Speed Boost from Mathematica 5", The Mathematica

4 Journal, Vol. 9, No. 2, 2004.

~

48| "Wolfram gridMathematica", Wolfram Research, Inc., 2007.

49| CARNS et al., “An Evaluation of Message Passing Implementations on Beowulf Workstations”,
Aerospace Conference, March 6-13, 1999, IEEE 1999, Vol. 5, pp. 41-54.

50| PAUGER et al,, “Plug-and-Play Cluster Computing using Mac OS X", IEEE International Conference,
December 1-4, 2003, Paper appears in Cluster Computing January 8, 2004, pp. 430-435.

51| DPAUGER et al., Plug-and Play Cluster Computing: High-Performance Computing For the Mainstream”,
IEEE Computing in Science and Engineering, March/April 2005, pp 27-33.

52 | HAMSCHER et al., "Evaluation of Job-Scheduling Strategies for grid Computing”, LNCS: Lecture Notes
in Computer Science, 2000, pp. 191-202.

53 | International Search Report dated September 11, 2008, International Application No. PCT/US07/70585
(Attorney Docket No. ZTANN.002VPC).

54| JAHANZEB et al., "Libra: a computational economy-based job scheduling system for clusters”,
Software Practice and Experience, February 24, 2004, Vol. 34, pp. 573-590.

55 |JAIN et al., "Data Clustering: A Review", ACM Computing Surveys, September 1999, Vol. 31, No. 3.

56 KEPNER, Jeremy et al., “Parallel Matlab: The Next Generation”, August 20, 2004, MIT Lincoln
Laboratory, Lexington, MA.

57| KIM, Hahn et al., “Introduction to Parallel Programming and pMatlab v2.0", 2011, MIT Lincoln
Laboratory, Lexington, MA.

58| MAEDER, R., "Mathematica Parallel Computing Toolkit: Unleash the Power of Parallel Computing"”,
Wolfram Research, January 2005.

59| TEPENEU and IDA, “MathGridLink — A bridge between Mathematica and the Grid”, Nippon Sofutowea
Kagakkai Taikai Ronbunshu, 2003, Vol. 20, pp. 74-77.

60 | Wolfram, Stephen: THE MATHEMATICA BOOK 5TH Edition; Wolfram Research, Inc. 2003

** Signature indicates consideration of publication and file history. The Examiner has access to these materials through the PTO computer systems. If additional copies are
desired, please notify Applicants through their attorneys

18642854

Examiner Signature Date Considered

*Examiner: Initial if reference considered, whether or not citation is in conformance with MPEP 609. Draw line through citation if not
in conformance and not considered. Include copy of this form with next communication to applicant.
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Docket No.: ZTANN.002P1C3 September 10, 2014
App. No.: 14/181,112 Page 1 of 1

Please Direct All Correspondence to Customer Number 20995

RESCISSION OF ANY PRIOR DISCLAIMERS AND REQUEST TO REVISIT ART

Inventor :  Zvi Tannenbaum

App. No : 14/181,112

Filed :  February 14, 2014

For :  CLUSTER COMPUTING
Examiner : Not yet assigned

Art Unit D 2447

Conf # : 6874

Commissioner for Patents
P.O. Box 1450
Alexandria, VA 22313-1450

Dear Sir:

The claims of the present application are different and possibly broader in scope than the
claims pursued in the parent application(s). To the extent any prior amendments or
characterizations of the scope of any claim or referenced art could be construed as a disclaimer of
any subject matter supported by the present disclosure, Applicant hereby rescinds and retracts
such disclaimer. Accordingly, the references previously considered in the parent application(s)
may need to be re-visited.

Please charge any additional fees, including any fees for additional extension of time, or
credit overpayment to Deposit Account No. 11-1410.

Knobbe, Martens, Olson & Bear, LLP

Respectfully submitted,

Dated: September 10, 2014 /Lance D. Smemoe/
Lance D. Smemoe
Registration No. 66,152
Attorney of Record
Customer No. 20995
(949) 760-0404

18848199
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Electronic Acknowledgement Receipt

EFS ID: 20098469
Application Number: 14181112
International Application Number:
Confirmation Number: 6874
Title of Invention: CLUSTER COMPUTING

First Named Inventor/Applicant Name:

Zvi Tannenbaum

Customer Number:

20995

Filer:

Lance Dean Smemoe/Christina Graul

Filer Authorized By:

Lance Dean Smemoe

Attorney Docket Number: ZTANN.002P1C3
Receipt Date: 10-SEP-2014
Filing Date: 14-FEB-2014
Time Stamp: 14:29:32

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment no
File Listing:
Document .. . File Size(Bytes)/ Multi Pages
Number Document Description File Name Message Digest | Part/.zip| (if appl.)
1234235
1 ZTANN_002P1C3_POA.pdf yes 2

1cf2dc6e5e8724b22ad22abab8083e4th21
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Multipart Description/PDF files in .zip description

Document Description Start End
Transmittal Letter 1 1
Power of Attorney 2 2
Warnings:
Information:
349269
2 ZTANN_002P1C3_|IDS.pdf yes 5

9d858e89175812e484abc68ebbd2af5dbb
648835

Multipart Description/PDF files in .zip description

Document Description Start End
Transmittal Letter 1 2
Information Disclosure Statement (IDS) Form (SB08) 3 5
Warnings:
Information:
16435
3 Miscellaneous Incoming Letter ZTANN_002P1C3_HAKIM.pdf no 1
7b341654385cddf1926d329758aedbe520f|
Warnings:
Information:
Total Files Size (in bytes):l 1599939

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office

If a new international application is being filed and the international application includes the necessary components for
an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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Doc Code: PA.. PTO/AIA/82A (07-13)
Document Description: Power of Attorney Approved for use through 11/30/2014. OMB 0651-0051

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

TRANSMITTAL FOR POWER OF ATTORNEY TO ONE OR MORE
REGISTERED PRACTITIONERS

NOTE: This form is to be submitted with the Power of Attorney by Applicant form (PTO/AIA/82B) to identify the application to which the
Power of Attorney is directed, in accordance with 37 CFR 1.5, unless the application humber and filing date are identified in the Power of
Attorney by Applicant form. If neither form PTO/AIA/82A nor form PTO/AIA82B identifies the application to which the Power of Attorney is
directed, the Power of Attorney will not be recognized in the application.

Application Number 14/181,112

Filing Date February 14, 2014

First Named Inventor Zvi Tannenbaum

Title CLUSTER COMPUTING

Art Unit 2447 |/ Confirmation no. 6874

Examiner Name Not yet aSSigned

Attorney Docket Number |ZTANN.002P1C3

SIGNATURE of Applicant or Patent Practitioner

Signature /Lance D Smemoe/ Date (Optional)
Name Lance D. Smemoe segiz”aﬁon 66,152
umber

Title (if Applicant is a
juristic entity)

Applicant Name (if Applicant is a juristic entity)

NOTE: This form must be signed in accordance with 37 CFR 1.33. See 37 CFR 1.4(d) for signature requirements and certifications. If
more than one applicant, use multiple forms.

*Total of 1 forms are submitted.

This collection of information is required by 37 CFR 1.131, 1.32, and 1.33. The information is required to obtain or retain a benefit by
the public which is to file (and by the USPTO to process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR
1.11 and 1.14. This collection is estimated to take 3 minutes to complete, including gathering, preparing, and submitting the completed
application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you require
to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR
COMPLETED FORMS TO THIS ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PT0O-9199 and select option 2.
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Doc Code: TRAN.LET
Document Description: Transmittal Letter

TRANSMITTAL
FORM

(to be used for all correspondence after initial filing)

PTO/SB/21 (07-09)

Approved for use through 07/31/2012. OMB 0651-0031

Us. Patent and Trademark Offlce U S DEPARTMENT OF COMMERCE

Appllcatlon Number

14/181,112

Filing Date February 14, 2014
First Named Inventor Zvi Tannenbaum
Art Unit 2447

Examiner Name

Not yet assigned

k Total Number of Pages in This Submission

4

Attorney Docket Number

ZTANN.002P1C3 j

ENCLOSURES

(Check all that apply)

[l

RO OO

D Fee Transmittal Form

Fee Attached
Amendment/Reply
D After Final

|:| Affidavits/declaration(s)

Extension of Time Request
Express Abandonment Request

Information Disclosure Statement

Certified Copy of Priority
Document(s)

Reply to Missing Parts/
Incomplete Application

Reply to Missing Parts
under 37 CFR 1.52 or 1.53

[l

DOOoon O

Drawing(s)

Licensing-related Papers

Petition

Petition to Convert to a

Provisional Application

Power of Attorney, Revocation
Change of Correspondence Address

Terminal Disclaimer
Request for Refund
CD, Number of CD(s)

D Landscape Table on CD

After Allowance Communication to TC
Appeal Communication to Board
of Appeals and Interferences

Appeal Communication to TC
(Appeal Notice, Brief, Reply Brief)

Proprietary Information

Status Letter

Other Enclosure(s) (please Identify
below):

oo od

Remarks

SIGNATURE OF APPLICANT, ATTORNEY, OR AGENT

Firm Name

Knobbe, Martens, Olson & Bear, LLP

Signature

/Lance D. Smemoe/

Printed name

Lance D. Smemoe

Date

09-08-2014

Reg. No.

66,152

-

CERTIFICATE OF TRANSMISSION/MAILING \

| hereby certify that this correspondence is being facsimile transmitted to the USPTO or deposited with the United States Postal Service with
sufficient postage as first class mail in an envelope addressed to: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450 on
the date shown below:

Signature

Typed or printed name

Date J

This collection of information is required by 37 CFR 1.5. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.11 and1.14. This collection is estimated to 2 hours to complete, including
gathering, preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the
amount of time you require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and
Trademark Office, U.S. Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.

Ex.1002 / Page 588 of 664



ZTANN.002P1C3 PATENT

IN THE UNITED STATES PATENT AND TRADEMARK OFFICE

Inventor :  Zvi Tannenbaum

App. No. : 14/181,112

Filed :  February 14, 2014

For : CLUSTER COMPUTING
Examiner :  Not yet assigned

Art Unit 1 2447

Conf. No. : 6874

PRELIMINARY AMENDMENT

Mail Stop Amendment
Commissioner for Patents
P.O. Box 1450

Alexandria, VA 22313-1450

Dear Sir:

Preliminary to examination on the merits, please amend the above-identified application
as follows:

Amendments to the Claims are reflected in the listing of claims which begins on page 2.

Remarks begin on page 3.
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Application No.: 14/181,112
Filing Date: February 14, 2014

AMENDMENTS TO THE CLAIMS

1. (Canceled)

2. (New) A computer cluster comprising:

a plurality of nodes, wherein one or more of the nodes receives a command to
start a cluster initialization process for the computer cluster, and wherein each of the
nodes is configured to access a computer-readable medium comprising program code for
a single-node kernel module configured to interpret user instructions; and

a mechanism for the nodes to communicate with each other.

3. (New) The computer cluster of claim 2, wherein the single-node kernel module
comprises a Mathematica kernel.

4. (New) The computer cluster of claim 2, wherein the mechanism comprises a
message passing interface.

5. (New) The computer cluster of claim 2, wherein each of the nodes comprises one
or more cluster node modules.

6. (New) The computer cluster of claim 2, wherein each single-node kernel module
is stored in a computer-readable medium and configured to accept and execute a request.

7. (New) The computer cluster of claim 6, wherein each of the nodes comprises one
or more cluster node modules, and each of the cluster node modules is stored in a computer-
readable medium and configured to communicate with the single-node kernel and with one or
more other cluster node modules.

8. (New) The computer cluster of claim 7, wherein the plurality of cluster node
modules act as a cluster.

0. (New) The computer cluster of claim 7, wherein the plurality of cluster node
modules communicate with one another to act as a cluster.

10. (New) The computer cluster of claim 9, wherein the computer cluster includes a
user interface.

11. (New) The computer cluster of claim 10, wherein each cluster node module

accepts instructions from the user interface and interprets one or more of the instructions.
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Application No.: 14/181,112
Filing Date: February 14, 2014

REMARKS
Amendments
Prior to examination on the merits, please amend the above-identified application as set

forth above. Applicant submits that no new matter is added by these amendments.

No Disclaimers or Disavowals

Although the present communication may include alterations to the application or claims,
or characterizations of claim scope or referenced art, Applicant is not conceding in this
application that previously pending claims are not patentable over the cited references. Rather,
any alterations or characterizations are being made to facilitate expeditious prosecution of this
application. Applicant reserves the right to pursue at a later date any previously pending or other
broader or narrower claims that capture any subject matter supported by the present disclosure,
including subject matter found to be specifically disclaimed herein or by any prior prosecution.
Accordingly, reviewers of this or any parent, child or related prosecution history shall not
reasonably infer that Applicant has made any disclaimers or disavowals of any subject matter
supported by the present application.

Please charge any additional fees, including any fees for additional extension of time, or
credit overpayment to Deposit Account No. 11-1410.

Respectfully submitted,

KNOBBE, MARTENS, OLSON & BEAR, LLP

Dated: September 8, 2014 By:_/Lance D. Smemoe/
Lance D. Smemoe
Registration No. 66,152
Attorney of Record
Customer No. 20995
(949) 760-0404

18394794
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Electronic Patent Application Fee Transmittal

Application Number: 14181112
Filing Date: 14-Feb-2014
Title of Invention: CLUSTER COMPUTING

First Named Inventor/Applicant Name:

Zvi Tannenbaum

Filer:

Lance Dean Smemoe/Debora Swies

Attorney Docket Number: ZTANN.002P1C3
Filed as Small Entity
Utility under 35 USC 111(a) Filing Fees
Description Fee Code Quantity Amount Suz—;'g(tsa)l in
Basic Filing:
Utility filing Fee (Electronic filing) 4011 1 70 70
Utility Search Fee 2111 1 300 300
Utility Examination Fee 2311 1 360 360
Pages:
Claims:
Miscellaneous-Filing:
Late Filing Fee for Oath or Declaration 2051 1 70 70

Petition:
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Description Fee Code Quantity Amount Sut—;’;(tsa)l in
Patent-Appeals-and-Interference:
Post-Allowance-and-Post-Issuance:
Extension-of-Time:
Extension - 4 months with $0 paid 2254 1 1100 1100
Miscellaneous:
Total in USD ($) 1900
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Electronic Acknowledgement Receipt

EFS ID: 20076296
Application Number: 14181112
International Application Number:
Confirmation Number: 6874
Title of Invention: CLUSTER COMPUTING

First Named Inventor/Applicant Name:

Zvi Tannenbaum

Customer Number:

20995

Filer:

Lance Dean Smemoe/Christine Showalter

Filer Authorized By:

Lance Dean Smemoe

Attorney Docket Number: ZTANN.002P1C3
Receipt Date: 08-SEP-2014
Filing Date: 14-FEB-2014
Time Stamp: 17:05:06

Application Type:

Utility under 35 USC 111(a)

Payment information:

Submitted with Payment yes
Payment Type Credit Card
Payment was successfully received in RAM $1900

RAM confirmation Number 3946
Deposit Account 111410

Authorized User

KNOBBE MARTENS OLSON AND BEAR

The Director of the USPTO is hereby authorized to charge indicated fees and credit any overpayment as follows:
Charge any Additional Fees required under 37 C.F.R. Section 1.16 (National application filing, search, and examination fees)

Charge any Additional Fees required under 37 C.F.R. Section 1.17 (Patent application and reexamination processing fees)
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File Listing:

Document .. . File Size(Bytes)/ Multi Pages
Document Description File Name A . .
Number Message Digest | Part/.zip| (ifappl.)
205080
1 ZTANN_002P1C3_RespMP.pdf yes 4
87cf396480e666dc0e2a32473469b0e61d0)
762fb
Multipart Description/PDF files in .zip description
Document Description Start End

Applicant Response to Pre-Exam Formalities Notice 1 1

Preliminary Amendment 2 2

Claims 3 3

Applicant Arguments/Remarks Made in an Amendment 4 4

Warnings:
Information:
38672
2 Fee Worksheet (SB06) fee-info.pdf no 2
8c8eb0825748a232f04b63a2afe7fc1d1c2¢|
Warnings:
Information:
Total Files Size (in bytes):i 243752

This Acknowledgement Receipt evidences receipt on the noted date by the USPTO of the indicated documents,
characterized by the applicant, and including page counts, where applicable. It serves as evidence of receipt similar to a
Post Card, as described in MPEP 503.

New Applications Under 35 U.S.C. 111

If a new application is being filed and the application includes the necessary components for a filing date (see 37 CFR
1.53(b)-(d) and MPEP 506), a Filing Receipt (37 CFR 1.54) will be issued in due course and the date shown on this
Acknowledgement Receipt will establish the filing date of the application.

National Stage of an International Application under 35 U.S.C. 371

If a timely submission to enter the national stage of an international application is compliant with the conditions of 35
U.S.C. 371 and other applicable requirements a Form PCT/DO/EO/903 indicating acceptance of the application as a
national stage submission under 35 U.S.C. 371 will be issued in addition to the Filing Receipt, in due course.

New International Application Filed with the USPTO as a Receiving Office
If a new international application is being filed and the international application includes the necessary components for

an international filing date (see PCT Article 11 and MPEP 1810), a Notification of the International Application Number
and of the International Filing Date (Form PCT/RO/105) will be issued in due course, subject to prescriptions concerning
national security, and the date shown on this Acknowledgement Receipt will establish the international filing date of
the application.
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PTO/SB/06 (09-11)
Approved for use through 1/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of information unless it displays a valid OMB control number.

PATENT APPLICATION FEE DETERMINATION RECORD | Application or Docket Number Filing Date
Substitute for Form PTO-875 14/181 ,1 12 02/14/2014 D To be Mailed

eNTITY: [ LARGE [X] smaLL [] micro

APPLICATION AS FILED - PART |

(Column 1) (Column 2)
FOR NUMBER FILED NUMBER EXTRA RATE ($) FEE ($)
L] easic Fee N/A N/A N/A
(37 CFR 1.16(a), (b), or (c))
D SEARCH FEE N/A N/A N/A
(37 CFR1.16(k () or (m)
D EXAMINATION FEE
(37 GFR 1.16(0), (p), or (q)) /A N/A N/A
TOTAL CLAIMS . .
(37 CFR 1.16(i)) minus 20 = X $ =
INDEPENDENT CLAIMS . N
(37 CFR 1.16(h)) minus 3 = X $ =
If the specification and drawings exceed 100 sheets
0 of paper, the application size fee due is $310 ($155
A3F7)PCL£A1T1|SN SIZE FEE for small entity) for each additional 50 sheets or
¢ 16(s)) fraction thereof. See 35 U.S.C. 41(a)(1)(G) and 37
CFR 1.16(s).
] MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16()
p—

* |If the difference in column 1 is less than zero, enter “0” in column 2. TOTAL

APPLICATION AS AMENDED - PART I

(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
— | 09/08/2014 | Arrer PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
E AMENDMENT PAID FOR
S | [o@erern ~10 Minus | - 20 =0 x 0 = 0
A 5
Independent . : e
E e C€R1.16w 1 Minus 3 =0 x 30 = 0
<§( [] Application size Fee (37 CFR 1.18(s))
D FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16()))
TOTAL ADD’L FEE 0
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER
AFTER PREVIOUSLY PRESENT EXTRA RATE ($) ADDITIONAL FEE ($)
— AMENDMENT PAID FOR
Z || Total 37cFr . : "
Gl s Minus = X $ =
= Independent . : xx
) $370?=R1.16Q) Minus = X $ =
& | T Appiication size Fee (37 GFR 1.16(s))
=
<C l:l FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CFR 1.16()))
TOTAL ADD’L FEE
* If the entry in column 1 is less than the entry in column 2, write “0” in column 3. LIE
** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 20, enter “20”. /YUVANNA CHAPHIV/

*** If the “Highest Number Previously Paid For” IN THIS SPACE is less than 3, enter “3”.
The “Highest Number Previously Paid For” (Total or Independent) is the highest number found in the appropriate box in column 1.

This collection of information is required by 37 CFR 1.16. The information is required to obtain or retain a benefit by the public which is to file (and by the USPTO to
process) an application. Confidentiality is governed by 35 U.S.C. 122 and 37 CFR 1.14. This collection is estimated to take 12 minutes to complete, including gathering,
preparing, and submitting the completed application form to the USPTO. Time will vary depending upon the individual case. Any comments on the amount of time you
require to complete this form and/or suggestions for reducing this burden, should be sent to the Chief Information Officer, U.S. Patent and Trademark Office, U.S.
Department of Commerce, P.O. Box 1450, Alexandria, VA 22313-1450. DO NOT SEND FEES OR COMPLETED FORMS TO THIS
ADDRESS. SEND TO: Commissioner for Patents, P.O. Box 1450, Alexandria, VA 22313-1450.

If you need assistance in completing the form, call 1-800-PTO-9199 and select option 2.
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PATENT APPLICATION FEE DETERMINATION RECORD Application or Docket Number
Substitute for Form PTO-875 14/181,112
APPLICATION AS FILED - PART | OTHER THAN
(Column 1) (Column 2) SMALL ENTITY OR SMALL ENTITY
FOR NUMBER FILED NUMBER EXTRA RATE($) FEE($) RATE($) FEE($)
BASIC FEE
(37 CFR 1.16(a), (b), or (c)) N/A N/A N/A 70 N/A
SEARCH FEE
(a7 CFR 1.1600). ), o (m) N/A N/A N/A 300 N/A
EXAMINATION FEE
AU N/A N/A N/A 360 N/A
TOTAL CLAIMS ]
(37 CFR 1.16(1)) 1 minus 20= X 40 - 0.00 OR
INDEPENDENT CLAIMS *
(37 CFR 1.16(h)) 1 minus 3 = X 210 = 0.00
If the specification and drawings exceed 100
APPLICATION SIZE | sheets of paper, the application size fee due is
FEE $310 ($155 for small entity) for each additional 0.00
(37 CFR 1.16(s)) 50 sheets or fraction thereof. See 35 U.S.C.
41(a)(1)(G) and 37 CFR 1.16(s).
MULTIPLE DEPENDENT CLAIM PRESENT (37 CFR 1.16(j)) 0.00
* |f the difference in column 1 is less than zero, enter "0” in column 2. TOTAL 730 TOTAL
APPLICATION AS AMENDED - PART I
OTHER THAN
(Column 1) (Column 2) (Column 3) SMALL ENTITY OR SMALL ENTITY
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
< AFTER PREVIOUSLY EXTRA RATE(®) FEE($) RATE(S) FEE($)
E AMENDMENT PAID FOR
LU Total . i - =
=S (37 CF(:H 16(7)) Minus x = OR =
% Independent * Minus | *** =
& (37 CFR 1.16(h)) X = OR -
<§: Application Size Fee (37 CFR 1.16(s))
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CGFR 1.16(j)) OR
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
(Column 1) (Column 2) (Column 3)
CLAIMS HIGHEST
REMAINING NUMBER PRESENT ADDITIONAL ADDITIONAL
m AFTER PREVIOUSLY EXTRA RATE(S) FEE(S) RATE(S) FEE(S)
E AMENDMENT PAID FOR
L Total * Minus | ** = X -
= (37 CF?H.IB(H) OR -
% Independent * Minus | *** = M _ OR -
w (37 CFR 1.16(h) = =
<§( Application Size Fee (37 CFR 1.16(s))
OR
FIRST PRESENTATION OF MULTIPLE DEPENDENT CLAIM (37 CGFR 1.16(j))
TOTAL OR TOTAL
ADD'L FEE ADD'L FEE
* If the entry in column 1 is less than the entry in column 2, write "0" in column 3.
** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 20, enter "20".
*** |f the "Highest Number Previously Paid For" IN THIS SPACE is less than 3, enter "3".
The "Highest Number Previously Paid For" (Total or Independent) is the highest found in the appropriate box in column 1.
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

APPLICATION FILING or GRP ART
NUMBER I 371(c) DATE UNIT I FIL FEE RECD I ATTY.DOCKET.NO ITOT CLAIMSIIND CLAIMSl
14/181,112 02/14/2014 2447 0.00 ZTANN.002P1C3 1 1
CONFIRMATION NO. 6874
20995 FILING RECEIPT
KNOBBE MARTENS OLSON & BEAR LLP
2040 MAIN STREET T O ARA AR CTA M
000000066930359

FOURTEENTH FLOOR
IRVINE, CA 92614

Date Mailed: 03/06/2014

Receipt is acknowledged of this non-provisional patent application. The application will be taken up for examination
in due course. Applicant will be notified as to the results of the examination. Any correspondence concerning the
application must include the following identification information: the U.S. APPLICATION NUMBER, FILING DATE,
NAME OF APPLICANT, and TITLE OF INVENTION. Fees transmitted by check or draft are subject to collection.
Please verify the accuracy of the data presented on this receipt. If an error is noted on this Filing Receipt, please
submit a written request for a Filing Receipt Correction. Please provide a copy of this Filing Receipt with the
changes noted thereon. If you received a "Notice to File Missing Parts" for this application, please submit
any corrections to this Filing Receipt with your reply to the Notice. When the USPTO processes the reply
to the Notice, the USPTO will generate another Filing Receipt incorporating the requested corrections

Inventor(s)

Zvi Tannenbaum, Newport Beach, CA;

Dean E. Dauger, Huntington Beach, CA;
Applicant(s)

Advanced Cluster Systems, Inc., Aliso Viejo, CA
Assignment For Published Patent Application

Advanced Cluster Systems, Inc., Aliso Viejo, CA

Power of Attorney: None

Domestic Priority data as claimed by applicant
This application is a CON of 13/423,063 03/16/2012 PAT 8676877
which is a CON of 12/040,519 02/29/2008 PAT 8140612
which is a CIP of 11/744,461 05/04/2007 PAT 8082289
which claims benefit of 60/813,738 06/13/2006
and claims benefit of 60/850,908 10/11/2006

Foreign Applications for which priority is claimed (You may be eligible to benefit from the Patent Prosecution
Highway program at the USPTO. Please see http://www.uspto.gov for more information.) - None.

Foreign application information must be provided in an Application Data Sheet in order to constitute a claim to
foreign priority. See 37 CFR 1.55 and 1.76.

Permission to Access - A proper Authorization to Permit Access to Application by Participating Offices
(PTO/SB/39 or its equivalent) has been received by the USPTO.

If Required, Foreign Filing License Granted: 03/04/2014
page 1 of 3
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The country code and number of your priority application, to be used for filing abroad under the Paris Convention,
is US 14/181,112

Projected Publication Date: To Be Determined - pending completion of Missing Parts
Non-Publication Request: No

Early Publication Request: No
** SMALL ENTITY **

Title

CLUSTER COMPUTING
Preliminary Class

709

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition Applications: No
PROTECTING YOUR INVENTION OUTSIDE THE UNITED STATES

Since the rights granted by a U.S. patent extend only throughout the territory of the United States and have no
effect in a foreign country, an inventor who wishes patent protection in another country must apply for a patent
in a specific country or in regional patent offices. Applicants may wish to consider the filing of an international
application under the Patent Cooperation Treaty (PCT). An international (PCT) application generally has the same
effect as a regular national patent application in each PCT-member country. The PCT process simplifies the filing
of patent applications on the same invention in member countries, but does not result in a grant of "an international
patent" and does not eliminate the need of applicants to file additional documents and fees in countries where patent
protection is desired.

Almost every country has its own patent law, and a person desiring a patent in a particular country must make an
application for patent in that country in accordance with its particular laws. Since the laws of many countries differ
in various respects from the patent law of the United States, applicants are advised to seek guidance from specific
foreign countries to ensure that patent rights are not lost prematurely.

Applicants also are advised that in the case of inventions made in the United States, the Director of the USPTO must
issue a license before applicants can apply for a patent in a foreign country. The filing of a U.S. patent application
serves as a request for a foreign filing license. The application's filing receipt contains further information and
guidance as to the status of applicant's license for foreign filing.

Applicants may wish to consult the USPTO booklet, "General Information Concerning Patents” (specifically, the
section entitled "Treaties and Foreign Patents") for more information on timeframes and deadlines for filing foreign
patent applications. The guide is available either by contacting the USPTO Contact Center at 800-786-9199, or it
can be viewed on the USPTO website at http://www.uspto.gov/web/offices/pac/doc/general/index.html.

For information on preventing theft of your intellectual property (patents, trademarks and copyrights), you may wish
to consult the U.S. Government website, http://www.stopfakes.gov. Part of a Department of Commerce initiative,
this website includes self-help "toolkits" giving innovators guidance on how to protect intellectual property in specific
countries such as China, Korea and Mexico. For questions regarding patent enforcement issues, applicants may
call the U.S. Government hotline at 1-866-999-HALT (1-866-999-4258).

page 2 of 3
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LICENSE FOR FOREIGN FILING UNDER
Title 35, United States Code, Section 184

Title 37, Code of Federal Regulations, 5.11 & 5.15
GRANTED

The applicant has been granted a license under 35 U.S.C. 184, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" followed by a date appears on this form. Such licenses are issued in all applications where
the conditions for issuance of a license have been met, regardless of whether or not a license may be required as
set forth in 37 CFR 5.15. The scope and limitations of this license are set forth in 37 CFR 5.15(a) unless an earlier
license has been issued under 37 CFR 5.15(b). The license is subject to revocation upon written notification. The
date indicated is the effective date of the license, unless an earlier license of similar scope has been granted under
37 CFR 5.13 or 5.14.

This license is to be retained by the licensee and may be used at any time on or after the effective date thereof unless
it is revoked. This license is automatically transferred to any related applications(s) filed under 37 CFR 1.53(d). This
license is not retroactive.

The grant of a license does not in any way lessen the responsibility of a licensee for the security of the subject matter
as imposed by any Government contract or the provisions of existing laws relating to espionage and the national
security or the export of technical data. Licensees should apprise themselves of current regulations especially with
respect to certain countries, of other agencies, particularly the Office of Defense Trade Controls, Department of
State (with respect to Arms, Munitions and Implements of War (22 CFR 121-128)); the Bureau of Industry and
Security, Department of Commerce (15 CFR parts 730-774); the Office of Foreign AssetsControl, Department of
Treasury (31 CFR Parts 500+) and the Department of Energy.

NOT GRANTED

No license under 35 U.S.C. 184 has been granted at this time, if the phrase "IF REQUIRED, FOREIGN FILING
LICENSE GRANTED" DOES NOT appear on this form. Applicant may still petition for a license under 37 CFR 5.12,
if a license is desired before the expiration of 6 months from the filing date of the application. If 6 months has lapsed
from the filing date of this application and the licensee has not received any indication of a secrecy order under 35
U.S.C. 181, the licensee may foreign file the application pursuant to 37 CFR 5.15(b).

SelectUSA

The United States represents the largest, most dynamic marketplace in the world and is an unparalleled location for
business investment, innovation, and commercialization of new technologies. The U.S. offers tremendous resources
and advantages for those who invest and manufacture goods here. Through SelectUSA, our nation works to
promote and facilitate business investment. SelectUSA provides information assistance to the international investor
community; serves as an ombudsman for existing and potential investors; advocates on behalf of U.S. cities, states,
and regions competing for global investment; and counsels U.S. economic development organizations on investment
attraction best practices. To learn more about why the United States is the best country in the world to develop
technology, manufacture products, deliver services, and grow your business, visit http:/www.SelectUSA.gov or call
+1-202-482-6800.

page 3 of 3
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UNITED STATES PATENT AND TRADEMARK OFFICE

UNTTED STATES DEPARTMENT OF COMMERCE
United States Patent and Trademark Office
Address: COMMISSIONER FOR PATENTS

PQ. Box 1450

Alexandria, Virginia 22313-1450

WWW.uspto.gov’

| APPLICATION NUMBER | FILING OR 371(C) DATE | FIRST NAMED APPLICANT | ATTY. DOCKET NO./TITLE |
14/181,112 02/14/2014 7Z~v1 Tannenbaum ZTANN.002P1C3
CONFIRMATION NO. 6874
20995 FORMALITIES LETTER

KNOBBE MARTENS OLSON & BEAR LLP

2040 MAIN STREET I

FOURTEENTH FLOOR
IRVINE, CA 92614

T AT

0000000669303

Date Mailed: 03/06/2014

NOTICE TO FILE MISSING PARTS OF NONPROVISIONAL APPLICATION
FILED UNDER 37 CFR 1.53(b)

Filing Date Granted
ltems Required To Avoid Abandonment:

An application number and filing date have been accorded to this application. The item(s) indicated below,
however, are missing. Applicant is given TWO MONTHS from the date of this Notice within which to file all
required items below to avoid abandonment. Extensions of time may be obtained by filing a petition accompanied
by the extension fee under the provisions of 37 CFR 1.136(a).

* The statutory basic filing fee is missing.
* The application search fee must be submitted.
* The application examination fee must be submitted.
« Surcharge as set forth in 37 CFR 1.16(f) must be submitted.
The surcharge is due for any one of:
« late submission of the basic filing fee, search fee, or examination fee,
+ late submission of inventor's oath or declaration,
« filing an application that does not contain at least one claim on filing, or
+ submission of an application filed by reference to a previously filed application.

SUMMARY OF FEES DUE:

The fee(s) required within TWO MONTHS from the date of this Notice to avoid abandonment is/are itemized
below. Small entity discount is in effect. If applicant is qualified for micro entity status, an acceptable Certification
of Micro Entity Status must be submitted to establish micro entity status. (See 37 CFR 1.29 and forms
PTO/SB/15A and 15B.)

+ $ 70 basic filing fee.

+$ 70 surcharge.

«$ 300 search fee.

+ $ 360 examination fee.

« $( 0.00) previous unapplied payment amount.
+$ 800 TOTAL FEE BALANCE DUE.

ltems Required To Avoid Processing Delays:

Applicant is notified that the above-identified application contains the deficiencies noted below. No period for
reply is set forth in this notice for correction of these deficiencies. However, if a deficiency relates to the inventor's
page 1 of 2
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oath or declaration, the applicant must file an oath or declaration in compliance with 37 CFR 1.63, or a substitute
statement in compliance with 37 CFR 1.64, executed by or with respect to each actual inventor no later than the
expiration of the time period set in the "Notice of Allowability" to avoid abandonment. See 37 CFR 1.53(f).

« A properly executed inventor's oath or declaration has not been received for the following inventor(s):
Zvi Tannenbaum
Dean E. Dauger

Replies must be received in the USPTO within the set time period or must include a proper Certificate of Mailing
or Transmission under 37 CFR 1.8 with a mailing or transmission date within the set time period. For more
information and a suggested format, see Form PTO/SB/92 and MPEP 512.

Replies should be mailed to:

Mail Stop Missing Parts
Commissioner for Patents
P.O. Box 1450

Alexandria VA 22313-1450

Registered users of EFS-Web may alternatively submit their reply to this notice via EFS-Web, including a copy
of this Notice and selecting the document description "Applicant response to Pre-Exam Formalities Notice".
https://sportal.uspto.gov/authenticate/AuthenticateUserl ocalEPF .html

For more information about EFS-Web please call the USPTO Electronic Business Center at 1-866-217-9197 or
visit our website at http.//www.uspto.gov/ebc.

If you are not using EFS-Web to submit your reply, you must include a copy of this notice.

/mkanno/

Office of Data Management, Application Assistance Unit (571) 272-4000, or (571) 272-4200, or 1-888-786-0101

page 2 of 2
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PTO/AIA14 (11-13)
Approved for use threugh 01/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COCMMERCE

Under the Paperwork Reduction Act of 1995, no persens are required to respond to a collection of informatien unless it contains a valid OMB control number.

) ) Attorney Docket Number | ZTANN.002P1C3
Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention CLUSTER CCMPUTING

The application data sheet is part of the provisional or nonprovisional application for which it is being submitted. The following form contains the
bibliographic data arranged in a format specified by the United States Patent and Trademark Office as outlined in 37 CFR 1.76.

This document may be completed electronically and submitted to the Office in electronic format using the Electronic Filing System (EFS) or the
document may be printed and included in a paper filed application.

Secrecy Order 37 CFR 5.2

[ Portions or all of the application associated with this Application Data Sheet may fall under a Secrecy Order pursuant to
37 CFR 5.2 (Paper filers only. Applications that fall under Secrecy Order may not be filed electronically.}

Inventor Information:
Inventor 1

Legal Name
Prefix| Given Name Middle Name Family Name Suffix
2vi Tannenbaum
Residence Information {Select One) (¢) US Residency () Non US Residency () Active US Military Service
City | Newport Beach ‘ State/Province ‘ CA | Country of Residence i | US

Mailing Address of Inventor:

Address 1 86 Sidney Bay Drive
Address 2
City Newport Beach | State/Province | CA
Postal Code 92657 | Country i us
Inventor 2
Legal Name
Prefix| Given Name Middle Name Family Name Suffix
Dean E. Dauger
Residence Information (Select One) (o) US Residency () Non US Residency () Active US Military Service
City | Huntington Beach ‘ State/Province ‘ CA | Country of Residence i | US

Mailing Address of Inventor:

Address 1 3582 Venture Drive

Address 2

City Huntington Beach | State/Province | CA
Postal Code | 92649 | Country i | us

All Inventors Must Be Listed - Additional Inventor Information blocks may be

generated within this form by selecting the Add button. Add

Correspondence Information:

Enter either Customer Number or complete the Correspondence Information section below.
For further information see 37 CFR 1.33(a).

EFSWeb 229
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PTO/AIA/14 (11-13)

Approved for use threugh 01/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COCMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of informatien unless it contains a valid OMB control number.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number

ZTANN.002P1C3

Application Number

Title of Invention

CLUSTER COMPUTING

[ ] An Address is being provided for the correspondence Information of this application.

Customer Number

20985

Email Address

efiling@knobbe.com

ail | |Remove Email

| | AddEm

Application Information:

Title of the Invention CLUSTER COMPUTING

Attorney Docket Number| ZTANN.002P1C3 Small Entity Status Claimed
Application Type Nonprovisional

Subject Matter Utility

Total Number of Drawing Sheets (if any) 5

Suggested Figure for Publication (if any)

Publication Information:

[] Request Early Publication (Fee required at time of Request 37 CFR 1.219)

Req uest Not to Publish. | hereby request that the attached application not be published under

[] 35U.8.C.122(b) and certify that the invention disclosed in the attached application has not and will not be the
subject of an application filed in another country, or under a multilateral international agreement, that requires

publication at eighteen months after filing.

Representative Information:

Representative information should be provided for all practitioners having a power of attorney in the application. Providing
this information in the Application Data Sheet does not constitute a power of attorney in the application (see 37 CFR 1.32).
Either enter Customer Number or complete the Representative Name section below. If both sections are completed the customer

Number will be used for the Representative Information during processing.

Please Select One:

(e) Customer Number | (O US Patent Practitioner ‘ (O Limited Recognition (37 CFR 11.9)

Customer Number

20995

Domestic Benefit/National Stage Information:

This section allows for the applicant to either claim benefit under 35 US.C. 119(e), 120, 121, or 365(c) or indicate National Stage
entry from a PCT application. Providing this information in the application data sheet constitutes the specific reference required

by 35 U.5.C. 119(e) or 120, and 37 CFR 1.78.
When referring to the current application, please leave the application number blank.

Prior Application Status | Pending
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD}

Continuation of

13/423063

2012-03-16

Prior Application Status

Patented

Remove

EFSWeb 229
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PTO/AIA/14 (11-13)

Approved for use threugh 01/31/2014. OMB 0651-0032
U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COCMMERCE
Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of informatien unless it contains a valid OMB control number.

Application Data Sheet 37 CFR 1.76

Attorney Docket Number

ZTANN.002P1C3

Application Number

Title of Invention | CLUSTER COMPUTING
Application o Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
13/423063 Continuation of 12/040519 2008-02-29 8140612 2012-03-20
Prior Application Status | Patented Remove
Application . Prior Application Filing Date Issue Date
Number Continuity Type Number (YYYY-MM-DD) Patent Number (YYYY-MM-DD)
12/040519 Continuation in part of 11/744461 2007-05-04 8082289 2011-12-20
Prior Application Status | Expired
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD}

11/744461

Claims benefit of provisional

60/813738

2006-06-13

Prior Application Status | Expired
Application Number Continuity Type Prior Application Number Filing Date (YYYY-MM-DD}

11/744461

Claims benefit of provisional

60/850908

2006-10-11

Additional Domestic Benefit’/National Stage Data may be generated within this form
by selecting the Add hutton.

Add

Foreign Priority Information:

This section allows for the applicant to claim priority to a foreign application. Providing this information in the application data sheet
constitutes the claim for priority as required by 35 U.S.C. 119(b) and 37 CFR 1.55(d). When priority is claimed to a foreign application
that is eligible for retrieval under the priority document exchange program (PDX) Ithe information will be used by the Office to
automatically attempt retrieval pursuant to 37 CFR 1.55(h)(1) and {(2). Under the PDX program, applicant bears the ultimate
responsibility for ensuring that a copy of the foreign application is received by the Office from the participating foreign intellectual
property office, or a certified copy of the foreign priority application is filed, within the time period specified in 37 CFR 1.55(g}1).

| Remove |

Application Number

Country [

Filing Date (YYYY-MM-DD)

Access Codei (if applicable)

Add button.

Additional Foreign Priority Data may be generated within this form by selecting the

Add

EFSWeb 229

Ex.1002 / Page 605 of 664



PTO/AIA14 (11-13)

Approved for use threugh 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COCMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of informatien unless it contains a valid OMB control number.

Attorney Docket Number | ZTANN.002P1C3

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention CLUSTER COMPUTING

Statement under 37 CFR 1.55 or 1.78 for AlA (First Inventor to File) Transition
Applications

This application (1) claims priority to or the benefit of an application filed before March 16, 2013 and (2) also

contains, or contained at any time, a claim to a claimed invention that has an effective filing date on or after March
[] 16, 2013.

NOTE: By providing this statement under 37 CFR 1.55 or 1.78, this application, with a filing date on or after March

16, 2013, will be examined under the first inventor to file provisions of the AlA.

Authorization to Permit Access:

Authorization to Permit Access to the Instant Application by the Participating Offices

If checked, the undersigned hereby grants the USPTO authority to provide the European Patent Office (EPO),

the Japan Patent Office (JPO), the Korean Intellectual Property Office (KIPO), the World Intellectual Property Office (WIPQ),
and any other intellectual property offices in which a foreign application claiming priority to the instant patent application

is filed access to the instant patent application. See 37 CFR 1.14(c) and (h). This box should not be checked if the applicant
does not wish the EPO, JPO, KIPO, WIPO, or other intellectual property office in which a foreign application claiming priority
to the instant patent application is filed to have access to the instant patent application.

In accordance with 37 CFR 1.14(h){3), access will be provided to a copy of the instant patent application with respect

to: 1) the instant patent application-as-filed; 2) any foreign application to which the instant patent application

claims priority under 35 U.S.C. 119(a)-(d) if a copy of the foreign application that satisfies the certified copy requirement of
37 CFR 1.55 has been filed in the instant patent application; and 3) any U.S. application-as-filed from which benefit is
sought in the instant patent application.

In accordance with 37 CFR 1.14(c), access may be provided to information concerning the date of filing this Authorization.

Applicant Information:

Providing assignment information in this section does not substitute for compliance with any requirement of part 3 of Title 37 of CFR
to have an assignment recorded by the Office.

EFSWeb 229
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PTO/AIA14 (11-13)

Approved for use threugh 01/31/2014. OMB 0651-0032

U.S. Patent and Trademark Office; U.S. DEPARTMENT OF COCMMERCE

Under the Paperwork Reduction Act of 1995, no persons are required to respond to a collection of informatien unless it contains a valid OMB control number.

Attorney Docket Number | ZTANN.002P1C3

Application Data Sheet 37 CFR 1.76

Application Number

Title of Invention CLUSTER COMPUTING

Applicant 1

If the applicant is the inventor (or the remaining joint inventor or inventors under 37 CFR 1.45), this section should not be completed.
The information to be provided in this section is the name and address of the legal representative who is the applicant under 37 CFR
1.43; or the name and address of the assignee, person to whom the inventor is under an obligation to assign the invention, or person
who otherwise shows sufficient proprietary interest in the matter who is the applicant under 37 CFR 1.46. If the applicant is an
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ZTANN.002P1C3 PATENT
CLUSTER COMPUTING

INCORPORATION BY REFERENCE TO ANY PRIORITY APPLICATIONS

[0001] Any and all applications for which a foreign or domestic priority claim is
identified in the Application Data Sheet as filed with the present application are incorporated
by reference under 37 CFR 1.57 and made a part of this specification.

BACKGROUND

Field

[0002] The present disclosure relates to the field of cluster computing generally
and to systems and methods for adding cluster computing functionality to a computer
program, in particular.

Description of Related Art

[0003] Computer clusters include a group of two or more computers,
microprocessors, and/or processor cores (‘“‘nodes”) that intercommunicate so that the nodes
can accomplish a task as though they were a single computer. Many computer application
programs are not currently designed to benefit from advantages that computer clusters can
offer, even though they may be running on a group of nodes that could act as a cluster. Some
computer programs can run on only a single node because, for example, they are coded to
perform tasks serially or because they are designed to recognize or send instructions to only a
single node.

[0004] Some application programs include an interpreter that executes
instructions provided to the program by a user, a script, or another source. Such an interpreter
is sometimes called a “kernel” because, for example, the interpreter can manage at least some
hardware resources of a computer system and/or can manage communications between those
resources and software (for example, the provided instructions, which can include a high-
level programming language). Some software programs include a kernel that is designed to
communicate with a single node. An example of a software package that includes a kernel
that is designed to communicate with a single node is Mathematica® from Wolfram
Research, Inc. (“Mathematica”). Mathematics software packages from other vendors and

other types of software can also include such a kernel.

-1-
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[0005] A product known as gridMathematica, also from Wolfram Research, Inc.,
gives Mathematica the capability to perform a form of grid computing known as “distributed
computing.” Grid computers include a plurality of nodes that generally do not communicate
with one another as peers. Distributed computing can be optimized for workloads that consist
of many independent jobs or packets of work, which do not need to share data between the
jobs during the computational process. Grid computers include at least one node known as a
master node that manages a plurality of slave nodes or computational nodes. In
gridMathematica, each of a plurality of kernels runs on a single node. One kernel is
designated the master kernel, which handles all input, output, and scheduling of the other
kernels (the computational kernels or slave kernels). Computational kernels receive
commands and data only from the node running the master kernel. Each computational kernel
performs its work independently of the other computational kernels and intermediate results
of one job do not affect other jobs in progress on other nodes.

SUMMARY

[0006] Embodiments described herein have several features, no single one of
which is solely responsible for their desirable attributes. Without limiting the scope of the
invention as expressed by the claims, some of the advantageous features will now be
discussed briefly.

[0007] Some embodiments described herein provide techniques for conveniently
adding cluster computing functionality to a computer application. In one embodiment, a user
of a software package may be able to achieve higher performance and/or higher availability
from the software package by enabling the software to benefit from a plurality of nodes in a
cluster. One embodiment allows a user to create applications, using a high-level language
such as Mathematica, that are able to run on a computer cluster having supercomputer-like
performance. One embodiment provides access to such high-performance computing through
a Mathematica Front End, a command line interface, one or more high-level commands, or a
programming language such as C or FORTRAN.

[0008] One embodiment adapts a software module designed to run on a single
node, such as, for example, the Mathematica kernel, to support cluster computing, even when

the software module is not designed to provide such support. One embodiment provides
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parallelization for an application program, even if no access to the program’s source code is
available. One embodiment adds and supports Message Passing Interface (“MPI”) calls
directly from within a user interface, such as, for example, the Mathematica programming
environment. In one embodiment, MPI calls are added to or made available from an
interactive programming environment, such as the Mathematica Front End.

[0009] One embodiment provides a computer cluster including a first processor, a
second processor, and a third processor. The cluster includes at least one computer-readable
medium in communication at least one of the first processor, the second processor, or the
third processor. A first kernel resides in the at least one computer-readable medium and is
configured to translate commands into code for execution on the first processor. A first
cluster node module resides in the at least one computer-readable medium. The first cluster
node module is configured to send commands to the first kernel and receives commands from
a user interface. A second kernel resides in the at least one computer-readable medium. The
second kernel is configured to translate commands into code for execution on the second
processor. A second cluster node module resides in the at least one computer-readable
medium. The second cluster node module is configured to send commands to the second
kernel and communicates with the first cluster node module. A third kernel resides in the at
least one computer-readable medium. The third kernel is configured to translate commands
into code for execution on the third processor. A third cluster node module resides in the at
least one computer-readable medium. The third cluster node module is configured to send
commands to the third kernel and configured to communicate with the first cluster node
module and the second cluster node module. The first cluster node module comprises a data
structure in which messages originating from the second and third cluster node modules are
stored.

[0010] Another embodiment provides a computer cluster that includes a plurality
of nodes and a software package including a user interface and a single-node kernel for
interpreting program code instructions. A cluster node module is configured to communicate
with the single-node kernel and other cluster node modules. The cluster node module accepts
instructions from the user interface and interprets at least some of the instructions such that

several cluster node modules in communication with one another act as a cluster. The cluster

Ex.1002 / Page 612 of 664



node module appears as a single-node kernel to the user interface. In one embodiment, the
single-node kernel includes a Mathematical kernel. In some embodiments, the user interface
can include at least one of a Mathematica front end or a command line. In some
embodiments, the cluster node module includes a toolkit including library calls that
implement at least a portion of MPI calls. In some embodiments, the cluster node module
includes a toolkit including high-level cluster computing commands. In one embodiment, the
cluster system can include a plurality of Macintosh® computers (“Macs”), Windows®-based
personal computers (“PCs”), and/or Unix/Linux-based workstations.

[0011] A further embodiment provides a computer cluster including a plurality of
nodes. Each node is configured to access a computer-readable medium comprising program
code for a user interface and program code for a single-node kernel module configured to
interpret user instructions. The cluster includes a plurality of cluster node modules. Each
cluster node module is configured to communicate with a single-node kernel and with one or
more other cluster node modules, to accept instructions from the user interface, and to
interpret at least some of the user instructions such that the plurality of cluster node modules
communicate with one another in order to act as a cluster. A communications network
connects the nodes. One of the plurality of cluster node modules returns a result to the user
interface.

[0012] Another embodiment provides a method of evaluating a command on a
computer cluster. A command from at least one of a user interface or a script is
communicated to one or more cluster node modules within the computer cluster. Each of the
one or more cluster node modules communicates a message based on the command to a
respective kernel module associated with the cluster node module. Each of the one or more
cluster node modules receives a result from the respective kernel module associated with the
cluster node module. At least one of the one or more cluster node modules responds to
messages from other cluster node modules.

[0013] Another embodiment provides a computing system for executing
Mathematica code on multiple nodes. The computing system includes a first node module in
communication with a first Mathematica kernel executing on a first node, a second node

module in communication with a second Mathematica kernel executing on a second node,

Ex.1002 / Page 613 of 664



and a third node module in communication with a third Mathematica kernel executing on a
third node. The first node module, the second node module, and the third node module are
configured to communicate with one another using a peer-to-peer architecture. In some
embodiments, each of the first node module, the second node module, and third node module
includes a data structure for maintaining messages originating from other node modules and a
data structure for maintaining data specifying a location to which an message is expected to
be received and an identifier for a node from which the message is expected to be sent.
BRIEF DESCRIPTION OF THE DRAWINGS

[0014] A general architecture that implements the various features are described
with reference to the drawings. The drawings and the associated descriptions are provided to
illustrate embodiments and not to limit the scope of the disclosure. Throughout the drawings,
reference numbers are re-used to indicate correspondence between referenced elements.

[0015] FIG. 1 is a block diagram of one embodiment of a computer cluster.

[0016] FIG. 2 is a block diagram showing relationships between software
modules running on one embodiment of a computer cluster.

[0017] FIG. 3 is a block diagram of one embodiment of a cluster node module.

[0018] FIG. 4 is a flow chart showing one embodiment of a cluster initialization
process.

[0019] FIG. 5 is a flow chart showing one embodiment of the operation of a
cluster node module.

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

[0020] For purposes of illustration, some embodiments are described herein in the
context of cluster computing with Mathematica software. The present disclosure is not
limited to a single software program; the systems and methods can be used with other
application software such as, for example, Maple®, MATLAB®, MathCAD®, Apple
Shake®, Apple® Compressor, IDL®, other applications employing an interpreter or a kernel,
Microsoft Excel®, Adobe After Effects®, Adobe Premiere®, Adobe Photoshop®, Apple
Final Cut Pro®, and Apple iMovie®. Some figures and/or descriptions, however, relate to
embodiments of computer clusters running Mathematica. The system can include a variety of

uses, including but not limited to students, educators, scientists, engineers, mathematicians,
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researchers, and technicians. It is also recognized that in other embodiments, the systems and
methods can be implemented as a single module and/or implemented in conjunction with a
variety of other modules. Moreover, the specific implementations described herein are set
forth in order to illustrate, and not to limit, the disclosure.

L. Overview

[0021] The cluster computing system described herein generally includes one or
more computer systems connected to one another via a communications network or networks.
The communications network can include one or more of a local area network (“LAN”), a
wide area network (“WAN”), an intranet, the Internet, etc. In one embodiment, a computer
system comprises one or more processors such as, for example, a microprocessor that can
include one or more processing cores (“nodes”). The term “node” refers to a processing unit
or subunit that is capable of single-threaded execution of code. The processors can be
connected to one or more memory devices such as, for example, random access memory
(“RAM?”), and/or one or more optional storage devices such as, for example, a hard disk.
Communications among the processors and such other devices may occur, for example, via
one or more local buses of a computer system or via a LAN, a WAN, a storage area network
(“SAN”), and/or any other communications network capable of carrying signals among
computer system components. In one embodiment, one or more software modules such as
kernels, run on nodes within the interconnected computer systems. In one embodiment, the
kernels are designed to run on only a single node. In one embodiment, cluster node modules
communicate with the kernels and with each other in order to implement cluster computing
functionality.

[0022] FIG. 1 is a block diagram of one embodiment of a computer cluster 100
wherein computer systems 110, 120, 130 communicate with one another via a
communications network 102. Network 102 includes one or more of a LAN, a WAN, a
wireless network, an intranet, or the Internet. In one embodiment of the computer cluster,
computer system 110 includes processors 112a, 112b, memory 114, and optional storage 116.
Other computer systems 120, 130 can include similar devices, which generally communicate
with one another within a computer system over a local communications architecture such as

a local bus (not shown). A computer system can include one or more processors, and each
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processor can contain one or more processor cores that are capable of single-threaded
execution. Processor cores are generally independent microprocessors, but more than one can
be included in a single chip package. Software code designed for single-threaded execution
can generally run on one processor core at a time. For example, single-threaded software
code typically does not benefit from multiple processor cores in a computer system.

[0023] FIG. 2 is a block diagram showing relationships among software modules
running on one embodiment of a computer cluster 100. In the embodiment shown in FIG. 2,
the kernel modules 206a-e are designed for single-threaded execution. For example, if each
of the processors 112a, 112b, 122a, 122b, 132 shown in FIG. 1 includes only one processor
core, two kernel modules (for example, kernel modules 206a, 206b) loaded into the memory
114 of computer system 110 could exploit at least some of the processing bandwidth of the
two processors 112a, 112b. Similarly, two kernel modules 206¢c, 206d loaded into the
memory 124 of computer system 120 could exploit at least some of the processing bandwidth
of the two processors 122a, 122b. Likewise, the bandwidth of processor 132 of computer
system 130 could be utilized by a single instance of a cluster node module 204e loaded into
the computer system’s memory 134.

[0024] In the embodiment shown in FIG. 2, each of the kernel modules 206a-¢ is
in communication with a single cluster node module 204a-e, respectively. For example, the
kernel module 206a is in communication with the cluster node module 204a, the kernel
module 206b is in communication with the cluster node module 206b, and so forth. In one
embodiment, one instance of a cluster node module 204a-e is loaded into a computer
system’s memory 114, 124, 134 for every instance of a kernel module 206a-e running on the
system. As shown in FIG. 2, each of the cluster node modules 204a-e is in communication
with each of the other cluster node modules 204a-e. For example, one cluster node module
204a is in communication with all of the other cluster node modules 204b-e. A cluster node
module 204a may communicate with another cluster node module 204b via a local bus (not
shown) when, for example, both cluster node modules 204a-b execute on processors 112a,
112b within the same computer system 110. A cluster node module 204a may also

communicate with another cluster node module 204c over a communications network 102
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when, for example, the cluster node modules 204a, ¢ execute on processors 112a, 122a within
different computer systems 110, 120.

[0025] As shown in FIG. 2, an optional user interface module 202 such as, for
example, a Mathematica front end and/or a command line interface, can connect to a cluster
node module 204a. The user interface module can run on the same computer system 110
and/or the same microprocessor 112a on which the cluster node module 204a runs. The
cluster node modules 204a-e provide MPI calls and/or advanced cluster functions that
implement cluster computing capability for the single-threaded kernel modules. The cluster
node modules 204a-e are configured to look and behave like a kernel module 206a from the
perspective of the user interface module 202. Similarly, the cluster node modules 204a-e are
configured to look and behave like a user interface module 202 from the perspective of a
kernel module 206a. The first cluster node module 204a is in communication with one or
more other cluster node modules 204b, 204c, and so forth, each of which provides a set of
MPI calls and/or advanced cluster commands. In one embodiment, MPI may be used to send
messages between nodes in a computer cluster.

[0026] Communications can occur between any two or more cluster node
modules (for example, between a cluster node module 204a and another cluster node module
204c) and not just between “adjacent” kernels. Each of the cluster node modules 204a-¢ is in
communication with respective kernel modules 206a-e. Thus, the cluster node module 204a
communicates with the kernel module 206a. MPI calls and advanced cluster commands are
used to parallelize program code received from an optional user interface module 208 and
distribute tasks among the kernel modules 206a-e. The cluster node modules 204a-e provide
communications among kernel modules 206a-e while the tasks are executing. Results of
evaluations performed by kernel modules 206a-e are communicated back to the first cluster
node module 204a via the cluster node modules 204a-e, which communicates them to the
user interface module 208.

[0027] Intercommunication among kernel modules 206a-e during thread
execution, which is made possible by cluster node modules 204a-e, provides advantages for
addressing various types of mathematic and scientific problems, for example.

Intercommunication provided by cluster computing permits exchange of information between
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nodes during the course of a parallel computation. Embodiments of the present disclosure
provide such intercommunication for software programs such as Mathematica, while grid
computing solutions can implement communication between only one master node and many
slave nodes. Grid computing does not provide for communication between slave nodes
during thread execution.

[0028] For purposes of providing an overview of some embodiments, certain
aspects, advantages, benefits, and novel features of the invention are described herein. It is to
be understood that not necessarily all such advantages or benefits can be achieved in
accordance with any particular embodiment of the invention. Thus, for example, those skilled
in the art will recognize that the invention can be embodied or carried out in a manner that
achieves one advantage or group of advantages as taught herein without necessarily achieving
other advantages or benefits as can be taught or suggested herein.

11. Computer Cluster 100

[0029] As shown in FIG. 1, one embodiment of a cluster system 100 includes
computer systems 110, 120, 130 in communication with one another via a communications
network 102. A first computer system 110 can include one or more processors 112a-b, a
memory device 114, and an optional storage device 116. Similarly, a second computer system
120 can include one or more processors 122a-b, a memory device 124, and an optional
storage device 126. Likewise, a third computer system 130 can include one or more
processors 132, a memory device 134, and an optional storage device 136. Each of the
computer systems 110, 120, 130 includes a network interface (not shown) for connecting to a
communications network 102, which can include one or more of a LAN, a WAN, an intranet,
a wireless network, and/or the Internet.

A. Computer System 110

[0030] In one embodiment, a first computer system 110 communicates with other
computer systems 120, 130 via a network 102 as part of a computer cluster 100. In one
embodiment, the computer system 110 is a personal computer, a workstation, a server, or a
blade including one or more processors 112a-b, a memory device 114, an optional storage
device 116, as well as a network interface module (not shown) for communications with the

network 102.
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1. Processors 112a-b

[0031] In one embodiment, the computer system 110 includes one or more
processors 112a-b. The processors 112a-b can be one or more general purpose single-core or
multi-core microprocessors such as, for example, a Pentium® processor, a Pentium® II
processor, a Pentium® Pro processor, a Pentium® III processor, Pentium® 4 processor, a
Core Duo® processor, a Core 2 Duo® processor, a Xeon® processor, an Itanium® processor,
a Pentium® M processor, an x86 processor, an Athlon® processor, an 8051 processor, a
MIPS® processor, a PowerPC® processor, an ALPHA® processor, etc. In addition, one or
more of the processors 112a-b can be a special purpose microprocessor such as a digital
signal processor. The total number of processing cores (for example, processing units capable
of single-threaded execution) within all processors 112a-b in the computer system 110
corresponds to the number of nodes available in the computer system 110. For example, if the
processors 112a-b were each Core 2 Duo® processors having two processing cores, computer
system 110 would have four nodes in all. Each node can run one or more instances of a
program module, such as a single-threaded kernel module.

2. Network Interface Module

[0032] The computer system 110 can also include a network interface module
(not shown) that facilitates communication between the computer system 110 and other
computer systems 120, 130 via the communications network 102.

[0033] The network interface module can use a variety of network protocols. In
one embodiment, the network interface module includes TCP/IP. However, it is to be
appreciated that other types of network communication protocols such as, for example, Point-
to-Point Protocol (“PPP”), Server Message Block (“SMB”), Serial Line Internet Protocol
(“SLIP”), tunneling PPP, AppleTalk, etc., may also be used.

3. Memory 114 and Storage 116

[0034] The computer system 110 can include memory 114. Memory 114 can
include, for example, processor cache memory (such as processor core-specific or cache
memory shared by multiple processor cores), dynamic random-access memory (“DRAM”),
static random-access memory (“SRAM?”), or any other type of memory device capable of

storing computer data, instructions, or program code. The computer system 110 can also
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include optional storage 116. Storage 116 can include, for example, one or more hard disk
drives, floppy disks, flash memory, magnetic storage media, CD-ROMs, DVDs, optical
storage media, or any other type of storage device capable of storing computer data,
instructions, and program code.

4. Computer System 110 Information

[0035] The computer system 110 may be used in connection with various
operating systems such as: Microsoft® Windows® 3.X, Windows 95®, Windows 98®,
Windows NT®, Windows 2000®, Windows XP®, Windows CE®, Palm Pilot OS, OS/2,
Apple® MacOS®, MacOS X®, MacOS X Server®, Disk Operating System (DOS), UNIX,
Linux®, VxWorks, or IBM® OS/2®, Sun OS, Solaris OS, IRIX OS operating systems, etc.

[0036] In one embodiment, the computer system 110 is a personal computer, a
laptop computer, a Blackberry® device, a portable computing device, a server, a computer
workstation, a local area network of individual computers, an interactive kiosk, a personal
digital assistant, an interactive wireless communications device, a handheld computer, an
embedded computing device, or the like.

[0037] As can be appreciated by one of ordinary skill in the art, the computer
system 110 may include various sub-routines, procedures, definitional statements, and
macros. Each of the foregoing modules are typically separately compiled and linked into a
single executable program. However, it is to be appreciated by one of ordinary skill in the art
that the processes that are performed by selected ones of the modules may be arbitrarily
redistributed to one of the other modules, combined together in a single module, made
available in a shareable dynamic link library, or partitioned in any other logical way.

B. Computer System 120

[0038] In one embodiment, a second computer system 120 communicates with
other computer systems 110, 130 via a network 102 as part of a computer cluster 100. In one
embodiment, the computer system 120 is a personal computer, a workstation, a server, or a
blade including one or more processors 122a-b, a memory device 124, an optional storage
device 126, as well as a network interface module (not shown) for communications with the

network 102.
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1. Processors 112a-b

[0039] In one embodiment, the computer system 120 includes one or more
processors 122a-b. The processors 122a-b can be one or more general purpose single-core or
multi-core microprocessors such as a Pentium® processor, a Pentium® II processor, a
Pentium® Pro processor, a Pentium® III processor, Pentium® 4 processor, a Core Duo®
processor, a Core 2 Duo® processor, a Xeon® processor, an Itanium® processor, a
Pentium® M processor, an x86 processor, an Athlon® processor, an 8051 processor, a
MIPS® processor, a PowerPC® processor, an ALPHA® processor, etc. In addition, the
processors 122a-b can be any special purpose microprocessors such as a digital signal
processor. The total number of processing cores (for example, processing units capable of
single-threaded execution) within all processors 122a-b in the computer system 120
corresponds to the number of nodes available in the computer system 120. For example, if the
processors 122a-b were each Core 2 Duo® processors having two processing cores, computer
system 120 would have four nodes in all. Each node can run one or more instances of a
program module, such as a single-threaded kernel module.

2. Network Interface Module

[0040] The computer system 120 can also include a network interface module
(not shown) that facilitates communication between the computer system 120 and other
computer systems 110, 130 via the communications network 102.

[0041] The network interface module can use a variety of network protocols. In
one embodiment, the network interface module includes TCP/IP. However, it is to be
appreciated that other types of network communication protocols such as, for example, Point-
to-Point Protocol (“PPP”), Server Message Block (“SMB”), Serial Line Internet Protocol
(“SLIP”), tunneling PPP, AppleTalk, etc., may also be used.

3. Memory 124 and Storage 126

[0042] The computer system 120 can include memory 124. Memory 124 can
include, for example, processor cache memory (such as processor core-specific or cache
memory shared by multiple processor cores), dynamic random-access memory (“DRAM”),
static random-access memory (“SRAM?”), or any other type of memory device capable of

storing computer data, instructions, or program code. The computer system 120 can also
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include optional storage 126. Storage 126 can include, for example, one or more hard disk
drives, floppy disks, flash memory, magnetic storage media, CD-ROMs, DVDs, optical
storage media, or any other type of storage device capable of storing computer data,
instructions, and program code.

4. Computer System 120 Information

[0043] The computer system 120 may be used in connection with various
operating systems such as: Microsoft® Windows® 3.X, Windows 95®, Windows 98®,
Windows NT®, Windows 2000®, Windows XP®, Windows CE®, Palm Pilot OS, OS/2,
Apple® MacOS®, MacOS X®, MacOS X Server®, Disk Operating System (DOS), UNIX,
Linux®, VxWorks, or IBM® OS/2®, Sun OS, Solaris OS, IRIX OS operating systems, etc.

[0044] In one embodiment, the computer system 120 is a personal computer, a
laptop computer, a Blackberry® device, a portable computing device, a server, a computer
workstation, a local area network of individual computers, an interactive kiosk, a personal
digital assistant, an interactive wireless communications device, a handheld computer, an
embedded computing device, or the like.

[0045] As can be appreciated by one of ordinary skill in the art, the computer
system 120 may include various sub-routines, procedures, definitional statements, and
macros. Each of the foregoing modules are typically separately compiled and linked into a
single executable program. However, it is to be appreciated by one of ordinary skill in the art
that the processes that are performed by selected ones of the modules may be arbitrarily
redistributed to one of the other modules, combined together in a single module, made
available in a shareable dynamic link library, or partitioned in any other logical way.

C. Computer System 130

[0046] In one embodiment, a third computer system 130 communicates with other
computer systems 110, 120 via a network 102 as part of a computer cluster 100. In one
embodiment, the computer system 130 is a personal computer, a workstation, a server, or a
blade including one or more processors 132, a memory device 134, an optional storage device
136, as well as a network interface module (not shown) for communications with the network

102.
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1. Processors 112a-b

[0047] In one embodiment, the computer system 130 includes a processor 132.
The processor 132 can be a general purpose single-core or multi-core microprocessors such
as a Pentium® processor, a Pentium® II processor, a Pentium® Pro processor, a Pentium®
III processor, Pentium® 4 processor, a Core Duo® processor, a Core 2 Duo® processor, a
Xeon® processor, an Itanium® processor, a Pentium® M processor, an x86 processor, an
Athlon® processor, an 8051 processor, a MIPS® processor, a PowerPC® processor, or an
ALPHA® processor. In addition, the processor 132 can be any special purpose
microprocessor such as a digital signal processor. The total number of processing cores (for
example, processing units capable of single-threaded execution) within processor 132 in the
computer system 130 corresponds to the number of nodes available in the computer system
130. For example, if the processor 132 was a Core 2 Duo® processor having two processing
cores, the computer system 130 would have two nodes. Each node can run one or more
instances of a program module, such as a single-threaded kernel module.

2. Network Interface Module

[0048] The computer system 130 can also include a network interface module
(not shown) that facilitates communication between the computer system 130 and other
computer systems 110, 120 via the communications network 102.

[0049] The network interface module can use a variety of network protocols. In
one embodiment, the network interface module includes TCP/IP. However, it is to be
appreciated that other types of network communication protocols such as, for example, Point-
to-Point Protocol (“PPP”), Server Message Block (“SMB”), Serial Line Internet Protocol
(“SLIP”), tunneling PPP, AppleTalk, etc., may also be used.

3. Memory 134 and Storage 136

[0050] The computer system 130 can include memory 134. Memory 134 can
include, for example, processor cache memory (such as processor core-specific or cache
memory shared by multiple processor cores), dynamic random-access memory (“DRAM”),
static random-access memory (“SRAM?”), or any other type of memory device capable of
storing computer data, instructions, or program code. The computer system 130 can also

include optional storage 136. Storage 136 can include, for example, one or more hard disk
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drives, floppy disks, flash memory, magnetic storage media, CD-ROMs, DVDs, optical
storage media, or any other type of storage device capable of storing computer data,
instructions, and program code.

4. Computer System 130 Information

[0051] The computer system 130 may be used in connection with various
operating systems such as: Microsoft® Windows® 3.X, Windows 95®, Windows 98®,
Windows NT®, Windows 2000®, Windows XP®, Windows CE®, Palm Pilot OS, OS/2,
Apple® MacOS®, MacOS X®, MacOS X Server®, Disk Operating System (DOS), UNIX,
Linux®, VxWorks, or IBM® OS/2®, Sun OS, Solaris OS, IRIX OS operating systems, etc.

[0052] In one embodiment, the computer system 130 is a personal computer, a
laptop computer, a Blackberry® device, a portable computing device, a server, a computer
workstation, a local area network of individual computers, an interactive kiosk, a personal
digital assistant, an interactive wireless communications device, a handheld computer, an
embedded computing device, or the like.

[0053] As can be appreciated by one of ordinary skill in the art, the computer
system 130 may include various sub-routines, procedures, definitional statements, and
macros. Each of the foregoing modules are typically separately compiled and linked into a
single executable program. However, it is to be appreciated by one of ordinary skill in the art
that the processes that are performed by selected ones of the modules may be arbitrarily
redistributed to one of the other modules, combined together in a single module, made
available in a shareable dynamic link library, or partitioned in any other logical way.

E. Communications Network 102

[0054] In one embodiment, computer systems 110, 120, 130 are in
communication with one another via a communications network 102.

[0055] The communications network 102 may include one or more of any type of
electronically connected group of computers including, for instance, the following networks:
a virtual private network, a public Internet, a private Internet, a secure Internet, a private
network, a public network, a value-added network, a wired network, a wireless network, an
intranet, etc. In addition, the connectivity to the network can be, for example, a modem,

Ethernet (IEEE 802.3), Gigabit Ethernet, 10-Gigabit Ethernet, Token Ring (IEEE 802.5),
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Fiber Distributed Datalink Interface (FDDI), Frame Relay, InfiniBand, Myrinet,
Asynchronous Transfer Mode (ATM), or another interface. The communications network
102 may connect to the computer systems 110, 120, 130, for example, by use of a modem or
by use of a network interface card that resides in each of the systems.

[0056] In addition, the same or different communications networks 102 may be
used to facilitate communication between the first computer system 110 and the second
computer system 120, between the first computer system 110 and the third computer system
130, and between the second computer system 120 and the third computer system 130.

11I. Software Modules

[0057] As shown in FIG.s 1 and 2, one embodiment of a cluster system 100
includes a user interface module 202 that is able to access a plurality of kernel modules 206a-
e by communicating with a first cluster node module 204a. User interface module can be
stored in a memory 114, 124, 134 while running, for example, and/or can be stored in a
storage device 116, 126, 136. The first cluster node module 204a is in communication with
each of the other cluster node modules 204b-e. The kernel modules 206a-e can reside in the
memory of one or more computer systems on which they run. For example, the memory 114
of the first computer system 110 can store instances of kernel modules 206a-b, the memory
124 of the second computer system 120 can store instances of kernel modules 206¢-d, and the
memory 134 of the third computer system 130 can store an instance of kernel module 206e.
The kernel modules 206a-e, which include single-threaded program code, are each associated
with one of the processors 112a, 112b, 122a, 122b, 132. A cluster configuration module
stored on one or more of the computer systems 110, 120, 130 or on a remote computer
system, for example, can establish communication with the cluster node modules 204a-e. In
one embodiment, communication between the cluster configuration module 208 and the
cluster node modules 204a-e initializes the cluster node modules 204a-e to provide cluster
computing support for the computer cluster 100.

A. Cluster Node Module 204

[0058] In one embodiment, the cluster node modules 204a-e provide a way for
many kernel modules 206a-e such as, for example, Mathematica kernels, running on a

computer cluster 100 to communicate with one another. A cluster node module 204 can
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include at least a portion of an application programming interface (“API”) known as the
Message-Passing Interface (“MPI”), which is used in several supercomputer and cluster
installations. A network of connections (for example, the arrows shown in FIG. 2) between
the cluster node modules 204a-e can be implemented using a communications network 102,
such as, for example, TCP/IP over Ethernet, but the connections could also occur over any
other type of network or local computer bus.

[0059] A cluster node module 204 can use an application-specific toolkit or
interface such as, for example, Mathematica’s MathLink, Add-Ons, or packets, to interact
with an application. Normally used to connect a Mathematica kernel to a user interface
known as the Mathematica Front End or other Mathematica kernels, MathLink is a
bidirectional protocol to sends “packets” containing messages, commands, or data between
any of these entities. MathLink does not allow direct cluster computing-like simultaneous
communication between Mathematica kernels during execution of a command or thread.
MathLink is also not designed to perform multiple simultaneous network connections. In
some embodiments, a cluster node module 204 can use an application-specific toolkit such
as, for example, MathLink, for connections between entities on the same computer.

[0060] When speaking about procedures or actions on a cluster or other parallel
computer, not all actions happen in sequential order, nor are they required to. For example, a
parallel code, as opposed to a single-processor code of the classic “Turing machine” model,
has multiple copies of the parallel code running across the cluster, typically one for each
processor (or “processing element” or “core”). Such parallel code is written in such a way
that different instances of the same code can communicate, collaborate, and coordinate work
with each other. Multiple instances of these codes can run at the same time in parallel.

[0061] If the count of the code instances is an integer N, each instance of code
execution can be labeled O through N-1. For example, a computer cluster can include N
connected computers, each containing a processor. The first has cluster node module O
connected with kernel module 0 running on processor 0. The next is cluster node module 1
and kernel module 1, on processor 1, and so forth for each of the N connected computers.

Some steps of their procedure are collaborative, and some steps are independent. Even
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though these entities are not necessarily in lock-step, they do follow a pattern of initialization,
main loop behavior (for example, cluster node module operation), and shut down.

[0062] In contrast, a parallel computing toolkit (PCT) that is provided as part of
the gridMathematica software package does not provide a means for instances of the same
code running on different nodes to communicate, collaborate, or coordinate work among the
instances. The PCT provides commands that connect Mathematica kernels in a master-slave
relationship rather than a peer-to-peer relationship as enabled by some embodiments
disclosed herein. A computer cluster having peer-to-peer node architecture performs
computations that can be more efficient, easier to design, and/or more reliable than similar
computations performed on grid computers having master-slave node architecture. Moreover,
the nature of some computations may not allow a programmer to harness multi-node
processing power on systems that employ master-slave node architecture.

[0063] FIG. 3 shows one embodiment of a cluster node module 204 implementing
MPI calls and advanced MPI functions. In the embodiment shown in FIG. 3, cluster node
module 204 includes MPI module 302, advanced functions module 304, received message
queue 306, and message receiving queue 308.

1. MPI module 302

[0064] In one embodiment, the cluster node module 204 includes an MPI module
302. The MPI module 302 can include program code for one or more of at least five kinds of
MPI instructions or calls. Selected constants, instructions, and/or calls that can be

implemented by the MPI module 302 are as follows:

MPI Constants

[0065] Node identifiers are used to send messages to nodes or receive messages
from them. In MPI, this is accomplished by assigning each node a unique integer ($IdProc)
starting with 0. This data, with a knowledge of the total count ($NProc), makes it possible to

programmatically divide any measurable entity.
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Constant Description

$IdProc The identification number of the current processor
$NProc The number of processors in the current cluster
$mpiCommWorld The communicator world of the entire cluster (see MPI

Communicator routines, below)

mpiCommWorld The default communicator world for the high-level routines.

Table A

Basic MPI Calls

[0066] In one embodiment, the MPI module 302 can include basic MPI calls such
as, for example, relatively low-level routines that map MPI calls that are commonly used in
other languages (such as C and Fortran), so that such calls can be available directly from the
Mathematica user interface 204. In some embodiments, basic MPI calls include calls that
send data, equations, formulas, and/or other expressions.

[0067] Simply sending expressions from one node to another is possible with
these most basic MPI calls. One node can call to send an expression while the other calls a
corresponding routine to receive the sent expression. Because it is possible that the receiver
has not yet called mpiRecv even if the message has left the sending node, completion of

mpiSend is not a confirmation that it has been received.
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Call Description

mpiSend[expr, target, Sends an expression expr to a node with the ID target in the
comm, tag] communicator would comm, waiting until that expression has

left this kernel

mpiRecv [expr, target, Receives an expression into expr from a node with the ID target

comm, tag] in the communicator world comm, waiting until the expression
has arrived

mpiSendRecv[sendexpr, Simultaneously sends the expression sendexpr to the node with

dest, recvexpr, source, the ID target and receives an expression into recvexpr from the

comm)] node with the ID source in the communicator world comm,

waiting until both operations have returned.

Table B
Asynchronous MPI Calls
[0068] Asynchronous calls make it possible for the kernel to do work while
communications are proceeding simultaneously. It is also possible that another node may not

be able to send or receive data yet, allowing one kernel to continue working while waiting.
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Call Description

mpilSend[expr, target, Sends an expression expr to a processor with the ID target in the
comm, tag, req] communicator world comm, returning immediately. It can be

balanced with calls to mpiTest[req] until mpiTest[req] returns

True.
mpilRecv[expr, target, Receives an expression expr from a proessor with the ID target
comm, tag, req] in the communicator world comm, returning immediately. It can

be balanced with calls to mpiTest[req] until mpiTest[req] returns

True. The expr is not safe to access until mpiTest[req] returns

True.
mpiTest[req] Completes asynchronous behavior of mpilSend and mpilRecv
mpWait[req] Calls mpiTest until it returns True.
mpiWaitall[reglist] Calls mpiWait all on every element of reqlist
mpiWaitany[reqlist] Calls mpiTest on each element of realist until one of them

returns True

Table C

[0069] The mpilSend[] command can be called from within a kernel module 206
(for example, a Mathematica kernel). It creates a packet containing the Mathematica
expression to be sent as payload and where the expression should be sent. The packet itself is
destined only for its local cluster node module. Once received by its local cluster node
module, this packet is decoded and its payload is forwarded on to the cluster node module
specified in the packet.

[0070] The mpilRecv[] command can also be called from within a kernel module
206. It creates a packet specifying where it expects to receive an expression and from which
processor this expression is expected. Once received by its local cluster node module, this
packet is decoded and its contents are stored in a message receiving queue (MRQ) 308 (FIG.
3).

[0071] The mpiTest[] command can be called from within a kernel module 206. It
creates a packet specifying which message to test for completion, then waits for a reply

expression to evaluate. Once received by the kernel module’s associated cluster node module
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204, this packet is decoded and its message specifier is used to search for any matching
expressions listed as completed in its received message queue (RMQ) 306. If such completed
expressions are found, it is sent to its local kernel module as part of the reply in mpiTest[].
The kernel module receives this reply expression and evaluates it, which updates the kernel
module’s variables as needed.

[0072] Other MPI calls are built on the fundamental calls mpilSend, mpilRecv,
and mpiTest. For example, mpiBcast, a broadcast, creates instructions to send information
from the broadcast processor to all the others, while the other processors perform a Recv.
Similarly, high-level calls of the toolkit can be built on top of the collection of MPI calls.
Collective MPI Calls

[0073] In one embodiment, the MPI module 302 can include program code for
implementing collective MPI calls (for example, calls that provide basic multi-node data
movement across nodes). Collective MPI calls can include broadcasts, gathers, transpose, and
other vector and matrix operations, for example. Collective calls can also provide commonly

used mechanisms to send expressions between groups of nodes.
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Call

Description

mpiBcast[expr, root,

Performs a broadcast of expr from the root processor to all the

comm)] others in the communicator world comm. An expression is
expected to be supplied by the root processor, while all the
others expect expr to be overwritten by the incoming
expression.

mpiGather[sendexpr, All processors (including root) in the communicator comm send

recvexpr, root, comm]

their expression in sendexpr to the root processor, which
produces a list of these expressions, in the order according to
comm, in recvexpr. On the processors that are not root, recvexpr

is ignored.

mpiAllgather[sendexpr,

recvexpr, comm]

All processors in the communicator comm send their expression
in sendexpr, which are organized into a list of these expressions,
in the order according to comm, in recvexpr on all processors in

comim.

mpiScatter[sendexpr,

recvexpr, root, comm]

Processor root partitions the list in sendexpr into equal parts (if
possible) and places each piece in recvexpr on all the processors
(including root) in the communicator world comm, according

the order and size of comm.

mpiAlltoall[sendexpr,

recvexpr, comm]

Each processor sends equal parts of the list in sendexpr to all
other processors in the communicator world comm, which each
collects from all other processors are organizes into the order

according to comm.

Table D

In one embodiment, the MPI module 302 includes program code for implementing

parallel sums and other reduction operations on data stored across many nodes. MPI module

302 can also include program code for implementing simple parallel input/output calls (for

example, calls that allow cluster system 200 to load and store objects that are located on a

plurality of nodes).
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Call Description

mpiReduce[sendexpr, Performs a collective reduction operation between expressions on
recvexpr, operation, root, | all processors in the communicator world comm for every element
comm)] in the list in sendexpr returning the resulting list in recvexpr on the

processor with the ID root.

mpiAllreduce[sendexpr, Performs a collective reduction operation between expressions on
recvexpr, operation, all processors in the communicator world comm for every element
comm)] in the list in sendexpr returning the resulting list in recvexpr on

every processor.

mpiReduceScatter Performs a collective reduction operation between expressions on
[sendexpr, recvexpr, all processors in the communicator world comm for every element
operation, comm] in the list in sendexpr, partitioning the resulting list into pieces for

each processor’s recvexpr.

Table E
[0074] These additional collective calls perform operations that reduce the data in

parallel. The operation argument can be one of the constants below.

Constant Description

mpiSum Specifies that all the elements on different processors be added

together in a reduction call

mpiMax Specifies that the maximum of all the elements on different

processors be chosen in a reduction call

mpiMin Specifies that the minimum of all the elements on different

processors be chosen in a reduction call

Table F
MPI Communicator Calls
[0075] In one embodiment, the MPI module 302 includes program code for

implementing communicator world calls (for example, calls that would allow subsets of

nodes to operate as if they were a sub-cluster). Communicators organize groups of nodes into

224-

Ex.1002 / Page 633 of 664



user-defined subsets. The communicator values returned by mpiCommSplit[] can be used in

other MPI calls instead of mpiCommWorld.

Call Description

mpiCommSize[comm] Returns the number of processors within the communicator
comm

mpiCommRank[comm] Returns the rank of this processor in the communicator comm

mpiCommDup[comm] Returns a duplicate communicator of the communicator comm

mpiCommSplitfcomm, Creates a new communicator into several disjoint subsets each

color, key] identified by color. The sort order within each subset is first by

key, second according to the ordering in the previous
communicator. Processors not meant to participate in any new
communicator indicates this by passing the constant
mpiUndefined. The corresponding communicator is returned to

each calling processor.

mpiCommMap[comm)] Returns the mapping of the communicator comm to the
mpiCommMap[comm, processor indexed according to $mpiCommWorld. Adding a
target] second argument returns just the ID of the processor with the ID

target in the communicator comm.

mpiCommFree[comm] Frees the communicator comm

Table G

Other MPI Support Calls

[0076] Other calls that provide common functions include:
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Call Description

mpiWtime[] Provides wall-dock time since some fixed time in the past. There

is no guarantee that this time will read the same on all

processors.
mpW'tick[] Returns the time resolution of mpiWtime[]
MaxByElement[in] For every nth element of each list of the list in, chooses the

maximum according to Max[], and returns the result as one list.

Used in the mpiMax reduction operation.

MinByElement[in] For every nth element of each list of the list in, chooses the
minimum according to Min[], and returns the result as one list.

Used in the mpiMin reduction operation.

Table H

2. Advanced Functions Module 304

[0077] In one embodiment, the cluster node module 204 includes an advanced
functions module 304. The advanced functions module 304 can include program code that
provides a toolkit of functions inconvenient or impractical to do with MPI instructions and
calls implemented by the MPI module 302. The advanced functions module 304 can rely at
least partially on calls and instructions implemented by the MPI module 302 in the
implementation of advanced functions. In one embodiment, the advanced functions module
304 includes a custom set of directives or functions. In an alternative embodiment, the
advanced functions module 304 intercepts normal Mathematica language and converts it to
one or more functions optimized for cluster execution. Such an embodiment can be easier for
users familiar with Mathematica functions to use but can also complicate a program
debugging process. Some functions implemented by the advanced functions module 304 can
simplify operations difficult or complex to set up using parallel computing. Several examples
of such functions that can be implemented by the advanced functions module 304 are shown
below.

[0078] Built on the MPI calls, the calls that are described below provide

commonly used communication patterns or parallel versions of Mathematica features. Unless
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otherwise specified, these are executed in the communicator mpiCommWorld, whose default
is $mpiCommWorld, but can be changed to a valid communicator at run time.
Common Divide-and-Conquer Parallel Evaluation

[0079] In one embodiment, the advanced functions module 304 includes functions
providing for basic parallelization such as, for example, routines that would perform the same
operations on many data elements or inputs, stored on many nodes. These functions can be
compared to parallelized for-loops and the like. The following calls address simple
parallelization of common tasks. In the call descriptions, “expr” refers to an expression, and
“loopspec” refers to a set of rules that determine how the expression is evaluated. In some
embodiments, the advanced functions module 304 supports at least three forms of loopspec,
including {var, count}, where the call iterates the variable var from 1 to the integer count;
{var, start, stop}, where the call iterates the variable var every integer from start to stop; and
{var, start, stop, increment}, where the call iterates the variable var from start adding

increment for each iteration until var exceeds stop, allowing var to be a non-integer.
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Call

Description

ParallelDo[expr,
loopspec]

Like Do[] except that it evaluates expr across the cluster, rather
than on just one processor. The rules for how expr is evaluated

is specified in loopspec, like in Do[].

ParallelFunctionToList[f,
count]
ParallelFunctionToList[f,

count, root]

Evaluates the function f[i] from 1 to count, but across the
cluster, and returns these results in a list. The third argument has

it gather this list into the processor whose ID is root.

ParallelTable[expr,
loopspec]
ParallelTable[expr,

loopspec, root]

Like Table[] except that it evaluates expr across the cluster,
rather than on just one processor, returning the locally
evalulated portion. The third argument has it gather this table in

to the processor whose ID is root.

ParallelFunction[f, inputs,

1oot]

Like f[inputs] except that it evaluates f on a subset of inputs
scattered across the cluster from processor root and gathered

back to root.

ParallelNintegrate[expr,
loopspec]

ParallelNintegrate[expr,
loopspec,digits]

Like Nintegrate[] except that it evaluates a numerical integration
of expr over domains partitioned into the number of processors
in the cluster, then returns the sum. The third argument has each
numerical integration execute with at least that many digits of

precision.

Guard-Cell Management

[0080]

Table I

In one embodiment, the advanced functions module 304 includes functions

providing for guard-cell operations such as, for example, routines that perform nearest-

neighbor communications to maintain edges of local arrays in any number of dimensions

(optimized for 1-, 2-, and/or 3-D). Typically the space of a problem is divided into partitions.

Often, however, neighboring edges of each partition can interact, so a “guard cell” is inserted

on both edges as a substitute for the neighboring data. Thus the space a processor sees is two
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elements wider than the actual space for which the processor is responsible. EdgeCell helps

maintain these guard cells.

Call Description

EdgeCell[list] Copies the second element of list to the last element of the left
processor and the second-to-last element of list to the first

element of the right processor while simultaneously receiving the

same from its neighbors.

Table J

Matrix and Vector Manipulation

[0081] The advanced functions module 304 can also include functions providing
for linear algebra operations such as, for example, parallelized versions of basic linear
algebra on structures partitioned on many nodes. Such linear algebra operations can
reorganize data as needed to perform matrix and vector multiplication or other operations
such as determinants, trace, and the like. Matrices are partitioned and stored in processors

across the cluster. These calls manipulate these matrices in common ways.
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Call Description

ParallelTranspose[matrix] | Like Transpose[] except that it transposes matrix that is in fact
represented across the cluster, rather than on just one
processor. It returns the portion of the transposed matrix

meant for that processor.

ParallelProduct[matrix, Evaluates the product of matrix and vector, as it would on one

vector] processor, except that matrix is represented across the cluster.

Paralle]Dimensions[matrix] | Like Dimensions[] except that matrix is represented across the
cluster, rather than on just one processor. It returns a list of

each dimension.

Parallel Tr[matrix] Like Tr[] except that the matrix is represented across the
cluster, rather than on just one processor. It returns the trace

of this matrix.

Parallelldentity[rank] Like Identity[], it generates a new identity matrix, except that
the matrix is represented across the cluster, rather than on just

one processor. It returns the portion of the new matrix for this

processor.
ParallelOuter[f, vectorl, Like Outer[f, vectorl, vector2] except that the answer becomes
vector2] a matrix represented across the cluster, rather than on just one

processor. It returns the portion of the new matrix for this

processor.

Parallellnverse[matrix] Like Inverse[] except that the matrix is represented across the
cluster, rather than on just one processor. It returns the inverse

of the matrix.

Table K
Element Management
[0082] In one embodiment, the advanced functions module 304 includes element

management operations. For example, a large bin of elements or particles cut up in space

across the nodes may need to migrate from node to node based on rules or criteria (such as
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their spatial coordinate). Such operations would migrate the data from one node to another.
Besides the divide-and-conquer approach, a list of elements can also be partitioned in
arbitrary ways. This is useful if elements need to be organized or sorted onto multiple
processors. For example, particles of a system may drift out of the space of one processor into

another, so their data would need to be redistributed periodically.

Call Description

ElementManage[list, switch] | Selects which elements of list will be sent to which
processors according to the function switch[] is evaluated on
each element of list. If switch is a function, switch[] should
return the ID of the processor that element should be sent. If
switch is an integer, the call assumes that each elements is
itself a list, whose first element is a number ranging from 0
to the passed argument. This call returns a list of the
elements, from any processor, that is switch selected for this

processor.

ElementManage[list] Each element of list can be a list of two elements, the first
being the ID of the processor where the element should be
sent, while the second is arbitrary data to send. This call
returns those list elements, from any and all processors,
whose first element is this processors ID in a list. This call is
used internally by the two-argument version of

ElementManage[].

Table L

Fourier Transform

[0083] In one embodiment, the advanced functions module 304 includes program
code for implementing large-scale parallel fast Fourier transforms (“FFTs”). For example,
such functions can perform FFTs in one, two, and/or three dimensions on large amounts of
data that are not stored on one node and that are instead stored on many nodes. Fourier

transforms of very large arrays can be difficult to manage, not the least of which is the
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memory requirements. Parallelizing the Fourier transform makes it possible to make use of
all the memory available on the entire cluster, making it possible to manipulate problem sizes

that no one processor could possibly do alone.

Call Description

ParallelFourier[list] Like Fourier[] except that list is a two- or three-dimensional list
represented across the cluster, like for matrices, above. It returns
the portion of the Fourier-transformed array meant for that

processor.

Table M

Parallel Disk 1/0

[0084] In one embodiment, the advanced functions module 304 includes parallel
disk input and output calls. For example, data may need to be read in and out of the cluster in
such a way that the data is distributed across the cluster evenly. The calls in the following
table enable the saving data from one or more processors to storage and the retrieval data

from storage.

Call Description
ParallelPut[expr, Puts expr into the file with the name filename in order on
filename] processor (. The third argument specifies that the file be written

ParallelPut[expr, filename | on the processor whose ID is root. The fourth uses the
root] communicator world comm.
ParallelPut[expr,

filename, root, comm]

ParallelGet[filename] Reads and returns data from the file with the name filename on
ParallelGet[filename, processor O partitioned into each processor on the cluster. The
root] second argument specifies that the file is to be read on the
ParallelGet[filename, processor whose ID is root. The third uses the communicator
root,comm] world comm.

-32-

Ex.1002 / Page 641 of 664



Call

Description

ParallelBinaryPut[expr,
type,filename]
ParallelBinaryPut[expr,
filename, root]
ParallelBinaryPut[expr,

filename, root, comm]

Puts expr into the file with the binary format type with the name
filename in order on processor 0. The fourth argument specifies
that the file be written on the processor whose 1D is root. The

fifth uses the communicator world comm.

ParallelBinaryGet[type,
filename]
ParallelBinaryGet[type,
filename, root]
ParallelBinaryGet[type,

filename, root, comm]

Reads and returns data in the binary format type from the file
with the name filename on processor 0 partitioned into each
processor on the cluster. The third argument specifies that the
file is to be read on the processor whose ID is root. The fourth

uses the communicator world comm.

ParallelGetPerProcessor
[expr, filename]
ParallelGetPerProcessor
[filename, root]
ParallelGetPerProcessor

[filename, root, comm]

Puts expr into the file with the name filename in order on
processor 0, one line per processor. The third argument specifies
that the file be written on the processor whose 1D is root. The

fourth uses the communicator world comm.

ParallelGetPerProcessor
[filename]
ParallelGetPerProcessor
[filename, root]
ParallelGetPerProcessr

[filename, root, comm]

Reads and returns data from the file with the name filename on
processor 0, one line for each processor. The second argument
specifies that the file is to be read on the processor whose ID is

root. The third uses the communicator world comm.

Table N

Automatic Load Balancing

[0085] Some function calls can take an inconsistent amount of processing time to

complete. For example, in Mathematica, the call f[20] could in general take much longer to

Ex.1002 / Page 642 of 664



evaluate than f[19]. Moreover, if one or more processors within the cluster are of different
speeds (for example, if some operate at a core frequency of 2.6 GHz while other operate at
less than one 1 GHz), one processor may finish a task sooner than another processor.

[0086] In some embodiments, the advanced functions module 304 includes a call
that can improve the operation of the computer cluster 100 in such situations. In some
embodiments, the root processor assigns a small subset of the possible calls for a function to
each processor on the cluster 100. Whichever processor returns its results first is assigned a
second small subset of the possible calls. The root processor will continue to assign small
subsets of the possible calls as results are received until an evaluation is complete. The order
in which the processors finish can vary every time an expression is evaluated, but the root
processor will continue assigning additional work to processors as they become available.

[0087] In one illustrative example, there are 4 processors and f[1] to f[100] to
evaluate. One could implement this by assigning f[1], f[2], {f[3], f [4] to each of processors 0
(the root can assign to oneself) through 3. If the f[2] result came back first, then processor 1
would be assigned f[5]. If the {f[4] result is returned next, f{6] would be assigned to processor
3. The assignments continue until all results are calculated. The results are organized for
output back to the user.

[0088] In alternative embodiments, the subsets of possible calls can be assigned in
any order, rather than sequentially, or in batches (for example, f[1], f[5], f[9] assigned to
processor 1, etc.). Also, the subsets could be organized by delegation. For example, one
processor node may not necessarily be in direct control of the other processors. Instead, a
large subset could be assigned to a processor, which would in turn assign subsets of its work

to other processors. The result would create a hierarchy of assignments like a vast army.

Call Description

LoadBalanceFunctionToList[f, | Evaluates the function f[i] from 1 to count, but across the
count] cluster using load-balancing techniques, and returns these
LoadBalanceFunctionToList[f, | results in a list. The third argument has it gather this list into

count, root] the processor whose ID is root.

Table O
3. Received Message Queue 306
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[0089] In one embodiment, the cluster node module 204 includes a received
message queue 306. The received message queue 306 includes a data structure for storing
messages received from other cluster node modules. Related data pertaining to the messages
received, such as whether an expression has been completed, may also be stored in the
received message queue 306. The received message queue 306 may include a queue and/or
another type of data structure such as, for example, a stack, a linked list, an array, a tree, etc.

4, Message Receiving Queue 308

[0090] In one embodiment, the cluster node module 204 includes a message
receiving queue 308. The message receiving queue 308 includes a data structure for storing
information about the location to which an expression is expected to be sent and the
processor from which the expression is expected. The message receiving queue 308 may
include a queue and/or another type of data structure such as, for example, a stack, a linked
list, an array, a tree, etc.

B. Cluster Configuration Module 208

[0091] Cluster configuration module 208 includes program code for initializing a
plurality of cluster node modules to add cluster computing support to computer systems 110,
120, 130. United States Patent No. 7,136,924, issued to Dauger (the ‘924 patent”), the
entirety of which is hereby incorporated by reference and made a part of this specification,
discloses a method and system for parallel operation and control of computer clusters. One
method generally includes obtaining one or more personal computers having an operating
system with discoverable network services. In some embodiments, the method includes
obtaining one or more processors or processor cores on which a kernel module can run. As
described in the ‘924 patent, a cluster node control and interface (CNCI) group of software
applications is copied to each node. When the CNCI applications are running on a node, the
cluster configuration module 208 can permit a cluster node module 204, in combination with
a kernel module 206, to use the node’s processing resources to perform a parallel
computation task as part of a computer cluster. The cluster configuration module 208 allows
extensive automation of the cluster creation process in connection with the present
disclosure.

C. User Interface Module 202
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[0092] In some embodiments, computer cluster 100 includes a user interface
module 202, such as, for example a Mathematica Front End or a command line interface, that
includes program code for a kernel module 206 to provide graphical output, accept graphical
input, and provide other methods of user communication that a graphical user interface or a
command-line interface provides. To support a user interface module 202, the behavior of a
cluster node module 204a is altered in some embodiments. Rather than sending output to and
accepting input from the user directly, the user interface module 202 activates the cluster
node module 204a to which it is connected and specifies parameters to form a connection,
such as a MathLink connection, between the cluster node module 204a and the user interface
module 202. The user interface module’s activation of the cluster node module 204a can
initiate the execution of instructions to activate the remaining cluster node modules 204b-e
on the cluster and to complete the sequence to start all kernel modules 206a-e on the cluster.
Packets from the user interface module 202, normally intended for a kernel module 206a, are
accepted by the cluster node module 204a as a user command. Output from the kernel
module 206a associated with the cluster node module 204a can be forwarded back to the user
interface module 202 for display to a user. Any of the cluster node modules 204a-e can be
configured to communicate with a user interface module 202.

D. Kernel Module 206

[0093] A kernel module 206 typically includes program code for interpreting
high-level code, commands, and/or instructions supplied by a user or a script into low-level
code, such as, for example, machine language or assembly language. In one embodiment,
each cluster node module 204a-e is connected to all other cluster node modules, while each
kernel module 206a-¢ is allocated and connected only to one cluster node module 204. In one
embodiment, there is one cluster node module-kernel module pair per processor. For
example, in an embodiment of a computer cluster 100 including single-processor computer
systems, each cluster node module-kernel module pair could reside on a single-processor
computer. If a computer contains multiple processors or processing cores, it may contain
multiple cluster node module-kernel module pairs, but the pairs can still communicate over

the cluster node module’s network connections.
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IV. Cluster Computing Methods

[0094] In one embodiment, the computer cluster 100 includes a cluster
initialization process, a method of cluster node module operation, and a cluster shut down
process.

A. Cluster Initialization Process

[0095] In one embodiment, a cluster configuration module 202 initializes one or
more cluster node modules 204 in order to provide cluster computing support to one or more
kernel modules 206, as shown in FIG. 4.

[0096] At 402, cluster node modules are launched on the computer cluster 100. In
one embodiment, the cluster node module 204a running on a first processor 112a (for
example, where the user is located) accesses the other processors 112b, 122a-b, 132 on the
computer cluster 100 via the cluster configuration module 208 to launch cluster node
modules 204b-e onto the entire cluster. In an alternative embodiment, the cluster
configuration module 208 searches for processors 112a-b, 122a-b, 132 connected to one
another via communications network 102 and launches cluster node modules 204a-e on each
of the processors 112a-b, 122a-b, 132.

[0097] The cluster node modules 204a-e establish communication with one
another at 404. In one embodiment, each of the cluster node modules 204a-e establish direct
connections using the MPI_Init command with other cluster node modules 204a-e launched
on the computer cluster 100 by the cluster configuration module 208.

[0098] At 406, each cluster node module 204 attempts to connect to a kernel
module 206. In one embodiment, each instance of the cluster node modules 204a-e locates,
launches, and connects with a local kernel module via MathLink connections and/or similar
connection tools, for example, built into the kernel module 206.

[0099] At 408, the cluster node modules 204 that are unconnected to a kernel
module 206 are shut down. In one embodiment, each cluster node module 204 determines
whether the local kernel module cannot be found or connected to. In one embodiment, each
cluster node module 204 reports the failure to connect to a kernel module 206 to the other

cluster node modules on computer cluster 100 and quits.
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[0100] Processor identification numbers are assigned to the remaining cluster
node modules 204 at 410. In one embodiment, each remaining cluster node module 204
calculates the total number of active processors (N) and determines identification numbers
describing the remaining subset of active cluster node modules 204a-e and kernel modules
206a-e. This new set of cluster node module-kernel module pairs may be numbered O through
N-1, for example.

[0101] Message passing support is initialized on the kernel modules 206a-e at
412. In one embodiment, each cluster node module 204 supplies initialization code (for
example, Mathematica initialization code) to the local kernel module 206 to support message
passing.

[0102] Finally, at 414, the cluster node modules 204a-e enter a loop to accept user
entry. In one embodiment, a main loop (for example, a cluster operation loop) begins
execution after the cluster node module 204a on the first processor 112a returns to user
control while each of the other cluster node modules 204 waits for messages from all other
cluster node modules 204a-e connected to the network 102.

[0103] The initialization process creates a structure enabling a way for the kernel
modules 206a-e to send messages to one another. In some embodiments, any kernel module
can send data to and receive data from any other kernel module within the cluster when
initialization is complete. The cluster node module creates an illusion that a kernel module is
communicating directly with the other kernel modules. The initialization process can create a
relationship among kernel modules on a computer cluster 100 such as the one shown by way
of example in FIG. 2.

B. Cluster Node Module Operation

[0104] In one embodiment, a cluster node module 204 implements cluster
computing support for a kernel module 206 during a main loop, as shown in FIG. 5.

[0105] At 502, cluster node modules 204 wait for user commands or messages
from other cluster node modules. In one embodiment, the cluster node module 204a
connected to the user interface module 202 waits for a user command, while the other cluster

node modules 204b-e continue checking for messages.
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[0106] Once a command or message is received, the method proceeds to 504. At
504, the cluster node module 204a determines whether the message received is a quit
command. If a quit command is received, the cluster node module 204a exits the loop and
proceeds to a cluster node module shut down process at 505. If the message received is not a
quit command, the process continues to 506.

[0107] At 5006, received commands are communicated to all cluster node modules
204a-e on the computer cluster 100. In one embodiment, when a user enters a command in
the user interface module 202, the cluster node module 204a connected to the user interface
module 202 submits the user command to all other cluster node modules 204b-e in the
computer cluster 100. The user commands can be simple (for example, “1+1”), but can also
be entire subroutines and sequences of code (such as, for example, Mathematica code),
including calls to MPI from within the user interface module 202 (for example, the
Mathematica Front End) to perform message passing between kernel modules 206a-e (for
example, Mathematica kernels). These include the fundamental MPI calls, which are
implemented using specially identified messages between a cluster node module 204 and its
local kernel module 206.

[0108] The message (or user command) is communicated to the kernel modules
206a-e at 508. In one embodiment, the cluster node module 204a connected to the user
interface module 202 submits the user command to the kernel module 206a to which it is
connected. Each of the other cluster node modules 204b-e, after receiving the message,
submits the command to the respective kernel module 206b-e to which it is connected.

[0109] At 510, a cluster node module 204 receives a result from a kernel module
206. In one embodiment, once the kernel module 206 completes its evaluation, it returns the
kernel module’s output to the cluster node module 204 to which it is connected. Depending
on the nature of the result from the kernel module, the cluster node module 204 can report the
result to a local computer system or pass the result as a message to another cluster node
module 204. For example, the cluster node module 204a running on the first processor 112a
reports the output on its local computer system 110. For example, on the first processor 112a,

cluster node module 204a only directly reports the output of kernel module 206a.
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[0110] Messages from other cluster node modules 204 are responded to at 512. In
one embodiment, each cluster node module (for example, the cluster node module 204a)
checks for and responds to messages from other cluster node modules 204b-e and from the
kernel module 206a repeatedly until those are exhausted. In one embodiment, output
messages from the kernel module 206 are forwarded to output on the local computer system.
Messages from other cluster node modules 204 are forwarded to a received message queue
306 (“RMQ”). Data from each entry in the message receiving queue 308 (“MRQ”) is
matched with entries in the RMQ 306 (see, for example, description of the mpilRecv([] call,
above). If found, data from the MRQ 308 are combined into those in the RMQ 306 and
marked as “completed” (see, for example, description of the mpiTest[] call, above). This
process provides the peer-to-peer behavior of the cluster node modules 204a-e. Via this
mechanism, code running within multiple, simultaneously running kernel modules (for
example, Mathematica kernels) can interact on a pair-wise or collective basis, performing
calculations, processing, or other work on a scale larger and/or faster than one kernel could
have done alone. In this manner, user-entered instructions and data specifying what work will
be done via user commands can be executed more quickly and/or reliably. Once responding
to messages has completed, the process returns to 502.

[0111] In some embodiments, a computer system includes software, such as an
operating system, that divides memory and/or other system resources into a user space, a
kernel space, an application space (for example, a portion of the user space allocated to an
application program), and/or an operating system space (for example, a portion of the user
space allocated to an operating system). In some embodiments, some or all of the cluster
node modules 204a-e are implemented in the application space of a computer system. In
further embodiments, at least some of the cluster node modules 204a-e are implemented in
the operating system space of a computer system. For example, some cluster node modules in
a computer cluster may operate in the application space while others operate in the operating
system space.

[0112] In some embodiments, some or all of the functionality of the cluster node
modules 204a-e is incorporated into or integrated with the operating system. The operating

system can add cluster computing functionality to application programs, for example, by
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implementing at least some of the methods, modules, data structures, commands, functions,
and processes discussed herein. Other suitable variations of the techniques described herein
can be employed, as would be recognized by one skilled in the art.

[0113] In some embodiments, the operating system or components of the
operating system can identify and launch the front end 202 and the kernels 206. The
operating system or its components can connect the front end 202 and kernels 206 to one
another in the same manner as a cluster node module 204 would or by a variation of one of
the techniques described previously. The operating system can also be responsible for
maintaining the communications network 102 that connects the modules to one another. In
some embodiments, the operating system implements at least some MPI-style calls, such as,
for example, collective MPI-style calls. In some embodiments, the operating system includes
an application programming interface (API) library of cluster subroutine calls that is exposed
to application programs. Applications programs can use the API library to assist with
launching and operating the computer cluster.

C. Cluster Shut Down Process

[0114] In one embodiment, a computer cluster 100 includes a procedure to shut
down the system. If the operation process (or main loop) on the cluster node module 204a
connected to the user interface module 202 detects a “Quit” or “Exit” command or otherwise
receives a message from the user indicating a shut down, the sequence to shut down the
cluster node modules 204a-e and the kernel modules 206a-¢ is activated. In one embodiment,
the cluster node module 204a connected to the user interface module 202 sends a quit
message to all other cluster node modules 204b-e. Each cluster node module 204 forwards
the quit command to its local kernel module 206. Once its Mathematica kernel has quit, each
cluster node module 204 proceeds to tear down its communication network with other cluster
node modules (for example, see description of the MPI_Finalize command, above). At the
conclusion of the process, each cluster node module 204 exits execution.

V. Example Operation

[0115] For purposes of illustration, sample scenarios are discussed in which the

computer cluster system is used in operation. In these sample scenarios, examples of
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Mathematica code are given, and descriptions of how the code would be executed by a cluster
system are provided.
Basic MPI

[0116] Fundamental data available to each node includes the node’s identification

number and total processor count.
In[l]:= {$IdProc, S$NProc}
Out[l]l:= {0, 2}
[0117] The first element should be unique for each processor, while the second is

generally the same for all. Processor 0 can see what other values are using a collective (see
below) communications call such as mpiGatherf].

In[2] := mpiGather[{$IdProc, $NProc},list,0]; list

Ooutf2]:= {{0, 2}, {1, 2}}
Peer-to-Peer MPI

[0118] The mpiSend and mpiRecv commands make possible basic message
passing, but one needs to define which processor to target. The following defines a new
variable, targetProc, so that each pair of processors will point to each other.

In[3]:= targetProc=If[l==Mod[$IdProc, 2],$IdProc-1,$IdProc+1]

Out[3]:=1

[0119] In this example, the even processors target its “right” processor, while the
odd ones point its “left.” For example, if the processors were lined up in a row and numbered
in order, every even-numbered processor would pair with the processor following it in the
line, and every odd-numbered processor would pair with the processor preceding it. Then a

message can be sent:

In[4]:= If [ 1==Mod[ $IdProc , 2],mpiSend[N[Pi,22],targetProc,

mpiCommWorld, d], mpiRecv[a,targetProc,mpiCommWorld, d]]

[0120] The If [] statement causes the processors to evaluate different code: the
odd processor sends 22 digits of Pi, while the even receives that message. Note that these
MPI calls return nothing. The received message is in the variable a:

In[5]:= a

Out [5]:= 3.1415926535897932384626

In[6]:= Clear[a]
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[0121] The variable a on the odd processors would have no definition. Moreover,
if $NProc is 8, processor 3 sent Pi to processor 2, processor 5 sent Pi to processor 4, and so
on. These messages were not sent through processor 0, but they communicated on their own.

[0122] The mpilSend and mpilRecv commands have a letter “I” to indicate
asynchronous behavior, making it possible to do other work while messages are being sent
and received, or if the other processor is busy. So, the above example could be done
asynchronously:

In[7]:= If[l==Mod[$IdProc, 2],mpiISend[N[Pi,22],targetProc,
mpiCommWorld, d, e],
mpiIRecv([a,targetProc,mpiCommWorld, d,e]]

[0123] The variable e has important data identifying the message, and mpiTest[e]

can return True before the expressions are to be accessed. At this point, many other

evaluations can be performed. Then, one can check using mpiTest when the data is needed:

In[29] := mpiTest|[e]

Out[29] := True

In[30]:= a

Out [30]:= 3.1415926535897932384626
In[31]:= Clear[a,e]

[0124] The mpiWait[e¢] command could have also have been used, which does not
return until mpiTest[e] returns True. The power of using these peer-to-peer calls is that it
becomes possible to construct any message-passing pattern for any problem.

Collective MPI

[0125] In some cases, such explicit control is not required and a commonly used
communication pattern is sufficient. Suppose processor 0 has an expression in b that all
processors are meant to have. A broadcast MPI call would do:

In[8]:= mpiBcast[b, 0, mpiCommWorld]

[0126] The second argument specifies which processor is the “root” of this
broadcast; all others have their b overwritten. To collect values from all processors, use
mpiGatherD:

In[9]:= mpiGather[b, ¢, 0, mpiCommWorld]

[0127] The variable ¢ of processor 0 is written with a list of all the b of all the

processors in mpiCommWorld. The temporal opposite is mpiScatter:
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In[10]:= Clear[bl; a = {2, 4, 5, 6}; mpiScatter[a, b, 0,
mpiCommWorld]; b
OQut [10]:= {2, 4}

[0128] The mpiScatter command cuts up the variable a into even pieces (when
possible) and scatters them to the processors. This is the result if $NProc = 2, but if $NProc =
4, b would only have {2}.

[0129] MPI provides reduction operations to perform simple computations mixed

with messaging. Consider the following:

In[l1l1l]l:= a = {{2 + $IdProc, 45[1,3,{1 + $IdProc,S$NProc[]I[];

mpiReduce [a,d,mpiSum, O0,mpiCommWorld ]

In[l2]:= d

Out[12]:= {{5, 90}, 6, {3, 4}}

[0130] The mpiSum constant indicates that variable a of every processor will be
summed. In this case, $NProc is 2, so those elements that were not identical result in odd
sums, while those that were the same are even.

[0131] Most of these calls have default values if not all are specified. For example
each of the following calls will have the equivalent effect as the above mpiGather([] call:

mpiGather[b, c, 0]

mpiGather[b, c]

¢ = mpiGather[b]
High-Level Calls

[0132] High-level calls can include convenient parallel versions of commonly
used application program calls (for example, Mathematica calls). For example,
ParallelTable[] is like Table[], except that the evaluations are automatically performed in a

distributed manner:
In[13]:= ParallelTable[i, {i,100},0]
Out[13]1:= {1,2,3,4,5, ««« ,99,100}

[0133] The third argument specifies that the answers are collated back to
processor 0. This is a useful, simple way to parallelize many calls to a complex function. One

could define a complicated function and evaluate it over a large range of inputs:
In[l4]:= g[x_] := Gammal[2 + 0.5*(x-1)1];
ParallelTable[g[i], {1,100},0]
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Out[1l4]:= {1, 1.32934, 2., 3.32335, 6., 11.6317, 24., 52.3428,
120., 287.885, 720}

[0134] ParallelFunctionToList[] also provides a simplified way to perform this
form of parallelism.

Operations with Non-Trivial Communication

Matrix Operations

[0135] In some embodiments, one or more functions can help solve matrix
calculations in parallel:

In[1l5]:= a = Table[i+ 3* $IdProc + 2 7j, {i, 2}, {3,4}]

Out [15]:= {{3, 5, 7, 9}, {4, 6, 8, 10}}

In[l6]:= t = ParallelTransposela]

Out[1l6]:= {{3, 4, 6, 7}, {5, 6, 8, 9}}
Fourier Transforms

[0136] A Fourier transform of a large array can be solved faster in parallel, or
made possible on a cluster because it can all be held in memory. A two-dimensional Fourier
transform of the above example follows:

In[l7]:= £ = ParallelFourier[a]

Out[17]:= {{32. + 0. I, -4. - 4. I, -4., -4. + 4. 1}, {-3. -

3. 1, 0. + 0. I, 0., 0. + 0. I}}

Edge Cell Management

[0137] Many problems require interactions between partitions, but only on the
edge elements. Maintaining these edges can be performed using EdgeCell[].

In[18]:= a = {2, 4, 5, 6, 7}+8*sIdProc

Out[18]1:= {2, 4, 5, 6, 7}

In[l9]:= EdgeCell[al; a

Out[19]:= {14, 4, 5, 6, 12}
Element Management

[0138] In particle-based problems, items can drift through space, sometimes
outside the partition of a particular processor. This can be solved with ElementManage[l:

In[20]:= 1list={{0,4},{1,3},{1,4},{0,5}}; fcn[x_Jl:=x[[1]]

In[21]:= ElementManage[list, fcn]

Out[21]:= {{O0, 4}, {0, 5}, {0, 4}, {0, 5}}

In[21]:= ElementManage[list, 2]
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Out[21]:= {{O, 4}, {0, 5}, {0, 4}, {0, 5}}

[0139] The second argument of ElementManage describes how to test elements of
a list. The fcn identifier returns which processor is the “home” of that element. Passing an
integer assumes that each element is itself a list, whose first element is a number ranging
from O to the passed argument.

[0140] While the examples above involve Mathematica software and specific
embodiments of MPI calls and cluster commands, it is recognized that these embodiments are
used only to illustrate features of various embodiments of the systems and methods.

VI. Additional Embodiments

[0141] Although cluster computing techniques, modules, calls, and functions are
disclosed with reference to certain embodiments, the disclosure is not intended to be limited
thereby. Rather, a skilled artisan will recognize from the disclosure herein a wide number of
alternatives for the exact selection of cluster calls, functions, and management systems. For
example, single-node kernels can be managed using a variety of management tools and/or can
be managed manually by a user, as described herein. As another example, a cluster node
module can contain additional calls and procedures, including calls and procedures unrelated
to cluster computing, that are not disclosed herein.

[0142] Other embodiments will be apparent to those of ordinary skill in the art
from the disclosure herein. Moreover, the described embodiments have been presented by
way of example only, and are not intended to limit the scope of the disclosure. Indeed, the
novel methods and systems described herein can be embodied in a variety of other forms
without departing from the spirit thereof. Accordingly, other combinations, omissions,
substitutions and modifications will be apparent to the skilled artisan in view of the
disclosure herein. Thus, the present disclosure is not intended to be limited by the disclosed
embodiments, but is to be defined by reference to the appended claims. The accompanying
claims and their equivalents are intended to cover forms or modifications as would fall within

the scope and spirit of the inventions.
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WHAT IS CLAIMED IS:

1. A system for performing an instruction received from a front end by executing
commands on one or more special purpose microprocessors, the system comprising:

a plurality of nodes, wherein each node is configured to access a computer-
readable memory system comprising program code for a single-node kernel module,
and wherein each single-node kernel module is configured to interpret instructions
received by the single-node kernel module into commands that are executable by a
special purpose microprocessor;

a plurality of cluster node modules, wherein each cluster node module is
stored in a computer-readable memory system and configured to communicate with a
single-node kernel and with one or more other cluster node modules, to accept
instructions, and to interpret at least some of the instructions such that the plurality of
cluster node modules communicate with one another in order to act as a cluster in
executing commands using one or more hardware processors; and

a communications system configured to connect the plurality of nodes;

wherein the plurality of cluster node modules cooperate to interpret and
translate, as needed, the instruction for execution by a plurality of single-node kernel
modules, and wherein at least one of the plurality of cluster node modules returns a

result to the front end.
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CLUSTER COMPUTING

ABSTRACT
In some embodiments, a computer cluster system comprises a plurality of nodes and a
software package comprising a user interface and a kernel for interpreting program code
instructions. In certain embodiments, a cluster node module is configured to communicate
with the kernel and other cluster node modules. The cluster node module can accept
instructions from the user interface and can interpret at least some of the instructions such
that several cluster node modules in communication with one another and with a kernel can

act as a computer cluster.

17269439
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