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Cancer is a class of diseases in which cells divide absent limts that
normal |y control growth of cel ontrol |l ed cancer cell growth
often |l eads to invasion and d]h? tﬂ??%ﬁ§§ t#@ﬁues adj acent to the cancer
cells sin ancer | I nnents
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resul t, cexowte, sekipuottd emvespmalatd ceetewnst her | ocations in the body mhere t hey
may rapidly replicate causing additional tunors, resulting trauma, and
sometjymes death. The rate at whi g @k&rogmNgd cancer cells replicates is
often a determning factor in the aggressiveness and eventual lethality of
the cancer. Rates of replication for particular types of cancer are also
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cancer devé“%oﬁe APYand t e &xt ?m3% gro F&<8on of the disease in the
body. More recently, hi st ol ogi ¢ gradi ng and the presence of specific

nol ecul ar mar kers have becone useful 1in prognosis and the devel opnent of

i ndi vidual treatnents. [0006] While histologic grading is useful for

provi ding qualitative prognoses for patients suffering froma nalignancy,

hi st opat hol ogy does not provide a quantitative neasure of the degree of

mal i gnancy or the rate of growmh, rate of replication, aggressiveness, or
lethality of a



mal i gnancy. Furthernore, histopathol ogical procedures provide inconsistent
nmeasures of degrees of malignancies. Quantitative nmethods of determ ning

t he rate wb2grooab31y rate of replication, aggressivenesspcomsb@vhaisniy of a
mal i gnancy are therefore needed. [0007] Replikin peptides are a famly of
smal | peptides that have been correlated with the phenonenon of rapid
replication in nmalignancies, as well as viruses, and other infectious
organi sns. The associ ation of Replikin peptides with rapid replication has
been described in U S. Patent No. 7,189,800, U S. Patent No. 7,176, 275,
US. Appln. Ser. No. 11/355,120, andU. S. Patent No. 7,442,761, anong
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I n anot her aspect, the present 1nvention further provides Replikin peptides
and Repl i Ridh speak ussHEs somprésstone PigogiprinicA cirerdt hyaids ey ieg 2 Wurahiyreft he

expr essed. Rt AL fly A§uld @vre! holdi@Th@eh! Thtse PRhied BRAALMHOMISHRI DmSRY)

nalignancg §sib edﬂgtéﬁvtoﬁkgve a ﬂ?gher $E?EPO grp&t orcrg%%P ation or
gr eatlér | boused intay entlomurchaymgonts that 4ltpwaaxeoynal e taaflgw gitethe crdlesutst agr owt h or
replicati r I ral i j.gnanci es or
than a ne%%}%%%ngﬁ%%%¥&§§2€%5%%%$%§£%?ﬁ@gﬁﬂ%&%%¥“%§ﬁgﬁgﬁgﬁgghgﬁgies.

[ 00010] Alrfmustingtgwed, bmd ¢rinmge &mp ectlocafed whihin thy enldsom tpfaoilitdethisa met hod of
predictin%ﬂibe relative rate of growh of at |east one first malignancy of
a known of UNKnown type of malignancy as conpared to at | east one second
mal i gnancip00é] a kn@RackOrhaunbaanwsedity peadfe statrhiguansy Fooekampkl stgeraconpari ng a

Replikin Count of the at lLeast gne first. malignancy.wth Repl i ki n Count
of a1 caSt e lac i Fa Aty o B eGPl o ot

mal i gnancyf fadotkcooenpatifiedodicey udhak efobExagpWhdiwbikabute:s, Haabi@ve driagy) dithe
relative rate, of 8tomﬂh og the at |east one second malignancy i f the
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mal i gnancy is a netastasis or netastases of the second malignancy. [00011]
| n anot hefvapeator pha Yapagcumtsewionsktle refifgeration Keding sy e ir CYanohcyald’t her

conpri ses ; : i gnancy
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mal i gnancy of unknown type or unknown orirgin in a subject sufféering from
the a0 | el®08lone skaoendalnetdtgnemvompomntsiod heghergleifgmaing sevelrd digfipatche sane

el i gnancy, A, SRl be 38 Ler o 8y BRE IR MBI ANANEY eolor IS Rlus hEAR k0N f1 1St
mal i gnancy & REVat°F B3St" one séébnarnaflgnancy are mefastased ot a third
mal i gnancy. [00012] In another non-li2m ting enbodi ment, the Replikin Count
of the at least one first malignancy is the Replikin Count of a Replikin
Peak Gene of the at |east one first malignancy and the Replikin Count of
the at | east one second malignancy is a Replikin Count of a Replikin Peak
Gene of the at | east one second malignancy.



[00013] In another non-limting enbodiment, the Replikin Count of the at

| east one second malignancy is a nean Replikin Count of a plurality of

mal i gnancwe=omvoigsimean Repli kin Count of a plurality of pcehisgooofszso5

mal i gnancy, the Replikin Count of the at |east one first malignancy is a
mean Replikin Count of a plurality of malignancies or a nean Replikin Count
of a plurality of cells of a malignancy, or the Replikin Count of the at

| east one second malignancy is a nean Replikin Count of a plurality of

mal i gnanci es or a nmean Replikin Count of a plurality of cells of a

mal i gnancy and the Replikin Count of the at |east one first malignancy is a
mean Repl bt nCRUM e Rhig? BREGALL irdOfwlRh | B3ABCH PR Qs fuiftRR) dRERkIcI n. Count
of a pIuré%#?? Qg&é%ﬁ%gigg'a nghigagﬁzy. %00014? I% a &rthgr ‘onFFiniting
enbodi menbging diesifReqdl biylekacdo beating gertehpsing tothpasits,dheaifbeomwdedrmtdiagAavicy is a
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mal i gnancimesimuhrallameblheperatorg-tbmpdritimgf énbogedmntompdrentRephitdaiperaBoant of t he
at least one first .nmalignancy or the Repl. ki.n unt of . the at | east
one. 1 or st O Fogfilh e e ARG Rt o Bim TR SRR el BRSO of The ot

| east onesepeomndiréral angiancam piteringtthesestea fidarthe dieyeenter,dmtuof, chliee mean Repl i kin
Count of said at,|east one second nmalignancy. [00015 n .anot her

mon- 1 i o ¢ PgeTs bRt gty Fiihal s outar B e on <t pala Bed

rel ative thethabw pyth tiro@dhk6Eeibisarahdies thQaver M Wélng teibpérard of tiider
Replikin Count of the at |east one first | ignancy.is a Replikin Count of
an expr esSE 3BT HHCCNISF B ORY TRy ﬁ‘t@ﬁf‘te&Vrvrﬁefbﬁ?aaé%e%wéwaedfﬁ%ha el | of
the ab | eashin@nedakd desiferymal i gnancy or a Replikin Count of the genone, a
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cel | of tHE%L | ealbtechiel t lovet AifieMPgREKEY ittt CCHE REPBPCRIFCEUNt of the at

| east onecsReRARH (BLdiSRANE¥hdr DoReRER] thitd doGRURG BfveAD ARXPAE FRED, NPT €i N,
protein fragnment or peptide isolated froma cell of the at |east one second
mal i gnanc§ndotpergters gllgvRi of haxsiriate nefformppace) epeniequentlyy defa conderybaye f r agnent, or
any ot her el giie u @i EHHENGEiRloAhe dyddied, Ehibs AlapblgcRt | €ast one
second naF?gﬁanng Fgg%fgi I'n acghrfﬁ%g %bn;ﬁ%%ftﬁhdsbﬁgdgﬁﬁent, t he

Repl ilRi n Gbugsratioh) tpigeoldhe din@sy, tommwuf 6 ¥ withini thgdatecgenies far hehidvinggrest Repl i ki n
Count anopg: | f K] u f i rali of
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second nafangranywiatsoftheet disgphed by Re pledtionie dCoypntenanBorgeqieptlyupadretgy of
Replikin Counts of a.second plurality of |.i.gnanci es. of second type. In
2 Furt her BT P e RS PERBGAR R0 e TR ORI T8 B RGP 1Y Pea
CGene of thleo matebgtancy havi ng the hi ghest Replikin Count anong a plurality

of Repli ki unts _of the firs e of nmaligna is further conpared to
Che ol 1 ORI Coun; menilcorie bt iR Beioe ERmaRR i gk PHEREy havi g t he
hi ghes]E R@{a{mikg hbammawd)@wrflig full’cl&lbérhpbnaﬁt? Bep}ﬁifﬂdun (aﬁi@uists Soslly r\]x_thlaﬁ second
type of malignancy, and if the first type af malignancy has a higher

Repl i ki n ESoHEr ¥<trﬁéafﬁé$)|ﬂ?%0ﬁt PEANMEIH Y HAN! FHBIWEUIhY EVGDe of

mel i gnancynviloh@ents fgn pladifd th Yitte &mpTatdtgnadayn tisscRtBEbCHEcH hdhaye, a
greater lethality than the second type of malignancy. [00018] In another
non- | i mi t G524 | dRBpiEY)- CReseyently, d¥ cepiRi AaYe Bvo RBesaee MY it ghancy is a
thyr oisd R GRANEYiondchR8dndng (RlicaRANGYer RBMBMASE) YR GNAR M spaityy | nary
bl adder nalignancy, a uterine corpus malignancy, a uterine cervix

mal i gnanchetweenadissent seiv¢tgnancy, an ovari an mal i gnancy, a nalignancy of the
oral cavi foni 2 | YRGSk USRI Rk IRANGYviad Wikl B Fnd UELORR

mal i gnancy, a gastric maligfancy, a non-small ce | ung carcl noma

mal i gnancgoliog hept dissipddingsowpencntal Forexaople] 0009 of pevdanierg..voater] ¢amripessng
enbodi nen ' {: i I f
predictingw$%%5?§P%%%§ga?%?g8%w8%?%a§ﬁhg¥%§#($§§§§9% gﬁi?ﬁggﬁ%ﬁ%?ggancy of
a knd@n ofo, fomkxeonpie, ah@pe 46fF baibric hpiap distriveted dnpeghediatacceater foeastlingae second
nalignanc%ﬁ%gﬂﬁﬂﬁggﬁﬂwpr unknown type of malignancy perfornmed by a
processor "conprising: conmparing a Replikin Count of the at |east one first
mal i gnancy with a Replikin Count of gt |east one second malignancy; and
predicting the at |east one first malignancy to have a relative rate of
growh that is faster than the relative rate of growh of the at |east one
second malignancy if the Replikin Count of the at |east one first

mal i gnancy is greater than the Replikin Count of the at | east one second
mal i gnancy. In a further non-limting enbodi nent, at |east one Replikin
Count is outputted to a user or to a




di splay. In another non-limting enbodi nent, at |east one representation of
a prediction of the relative rate of growh of at |east one first

mal i gnancwoi2etoaupiatted to a user or to a display. [000207/UAn@wioses3os
non-limting enbodi ment of the first aspect of the invention provides a
machi ne-r eadabl e storage nmedi um havi ng stored t hereon executabl e
instructions that, when executed by a processor, cause the processor to
provi de sufficient data to a user, a display, or a printout, such that said
user or a user of said display or printout may predict the relative rate of
grow h of at |least one first malignancy according to an aspect of the

| nventi onidhRs) Pr edhELiag, LRuREl B 4 Bl LI O bR Alsrhpast one
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second asﬁﬁi$ of the inpvention, the at | east one congonent of F g | east

one first i gnan@§Forengio sprg SRS RBYSISFa- ‘h“B tfé CHYCTREre ICHRSE 9
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first nallgnanc | nanot her non- I|n1t|n enbodi nent, the conp05|t|on is an
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enmbodi ment of the second aspect the present invention, the net of

making a boghpesd ﬂmmp%oe}wﬁl@ﬁ eé@mda@é@n@@nﬁm g Weoplnter aeBeEEY CAT al | y

accept abl gofednhiPbaho AAMGEBiIRhe RALAM TR dERSHe 0B SOMRARAL: OF at

| east one First I gnancy pre ave relative rate of growth

f ast & thantﬁéOmeranmmébmaoen@ﬁU@romﬁh of at Ieast one second mal i gnancy.

[ 00024] | furth I 0 ct of the

bresent | RIS on, ot HESBbp B e R Rl o R REREP e

Repl i ki n &wdikg @Weloake@t p@@l\xatﬂlentréasmgmrh@ ahd dete-ceraripgriameyce 10Q026he A third

non-1im t'cor} S onlaeCt roOf h 1 hh apéen 1%/nt ncyo%g]t hgnré pdgl\r/ll gg\% s&vde R X o tlat | east one

conponent "0 SO A PR Do 3OS Flgna Cy pre i ct8d" have a

reI at ive dai eenm’rs lgasd)mdmddirﬁit:ult sndfc&stp&m @mmddfﬁ)nreabatded/e) facahteteof grow h of
@S ﬁf ond irc) anc¥ 3{ .t he treatnent é%ﬁ " gﬁe first or
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to at |easdpagiie first or second nalignancy. In a non-limting embodi ment of

t he third(ﬁigect of the present inv at | east. one conponent of a

cell of alftlst malfyHaAksmatyeapprpas %Sttjob‘?PQhT-’% G Br ™ at 2t east one
Replikin ﬁ’ﬁlag(hcﬁw&)ohﬂgegxsteﬁisq@ve Metwielihit@f subfgs. fFdr Skanipld, ag8aRew [ 00026] A
non-limting enbodi ment of the third aspect of. the present invention

provi des &ispiacs hspt fa%milé%g?l’rﬁ‘%?ésoé&w&ﬁéhﬁat generptipg pgmiggndygtor-hdgatedne fir st
mal i gancycffal @R cdpdiemecelifbBlb ¥R ed RiRredf asdeMhh hhdmolc, faster than
the relative rate of growh of at least one second malignancy in the

manuf act ug@@ligg ths chipdierabash exireasive Hid cupbarserant Ingheserastegiahlegpt cxchanger
nonlimti Repl i ki n
pept i de. ov AR e e tce BtheRh ple AR ol il Fon i

enbodi men# thetrhed-interaere matariab fvitiethd ppakase wontgining élzet aemt These laguid-embyd hoate fir st
mal i gnanc t I ncy of
ot 1 onat BsBing?h oS AN R ARORR IR L ARG Ul BolTEh S Al B PRE02Y) 1
a nors0l i nahq:amgx@mtgadbmnﬂ{owfevctr}“@ntﬂohm lgstpes tvithn setversrwleszeyltfromrwefnti on, at

| east one SQhpon f a.ce ne eptld or at |east
one Rep | R Beak ctufiie f S5RS bl rRim SARmRTs FRESH R RERFR P L 00028) A
fourth non limting aspect of the prasent invention provides a nethod of
treating a malignancy conprising admnistering to a subject at |east one
component of a cell of at |eastone first malignancy predicted to have a
relative rate of growh that is faster than the relative rate of growth of
at | east one second nmalignancy. In a non-limting enbodi nent of the fourth
aspect of the present invention, the at | east one conponent is at |east one
Replikin peptide or at |east



one Replikin Peak Gene identified in the at | east one first malignancy. In
a non-limting enbodi nent, at |east one conponent of a cell is at |east one
Repl i ki n wopviodaszar at | east one Replikin Peak Gene i solpatram260008330%
identified in the cell. [00029] Afifth non-limting aspect of the present
i nvention provides a nethod of stinmulating the i mune system of a subject
conprising admnistering to said subject, at |east one conponent of at

| east one first malignancy predicted to have a relative rate of growh that
is faster than the relative rate of gromh of at |east one second

mal i gnancy. In a non-limting enbodi mrent of the fifth aspect of the present
i nvention t LK epti de or
| oast | S Ran e AL e AR, ach Gl e B R, e P T st

mal i gnanchecomp cammorgially viableng enbodi ment, at | east one conponent of a cel

is at |ea ne Re I t e

a0t ated TOSEor | Rt P RRRe! B8 0 B WA 3R EUEK | el o

aspect of l(ﬂ hmelpatfes)ewftl 4 migbhly abtmnplvlobj' él@zlsl alavet ¢trobe @istsrlmkapnglizarsudnti body or
an amSI bOd 011];1r a rren rﬁ%ne(y) a\r}ﬁmldlcat ArouesdS t@at%gvem er:] ctgm{gr réquiies %@r?s%e of at

| east “one“FI 18t e |g ancy,’ i 3?%3 I 8 FEY iR dNancy i s

predlptede¢mnmﬁwe a relative rate of growh that |s faster than the

relative omﬂh of st one second nc r|S|ng

Genti 1yi M fhe anktepecwinohari SR doRaRIens et oty i | body
fragment phatrmbicdsgt @nigier githingPapplic4iony) 6MEaL notledjofed@icdprédt | Ng

enbodi ment of the sixth aspect of the present inventjon, the at | east one
anti geni c® %ﬁ%ﬁﬁ%@% bV alEmph at lﬁ*é%r?lwi tPopRpRaSEbBETEst soMeadMd B e

Repl ilgi n Reakinéeaiees didesthpdue®d nobnted® o pringdd oiehit BE2NmY: didlfetdc M@Bukihgn ting
embodi nent, the at |east one antigenic _conponent of a cell is at |east one
Repl i ki n pagrmeteallyscalgd qnglgare B’rf@n%élﬁh? QPIHHEWY@% have Gret F¥geTsIEmvdr

i denti fi egrlBy bhLrimabd nun{&pg)ﬁs%rt)li%rss %‘%‘g% {5810 Q02 Eérﬁ@r; bdhGrafly Bf%@ér t@ﬁset he
present invention provides a maki ng at | east one s

conpri si ngeonneRsfized ycrigrsend reag 4o ney rli@y R@ﬁﬂchn@krgl%@mh afemignd r@}tnbplecést one

Repl i ki n 5§?h oene in at least one first malignancy predicted to have a
relative e of growth that is faster than the relative rate of growth of
at | dast Bé¢Rlsecondonirl iygrrandyye beael used ko mgreawicdolite rhtentor a phwealisy fNA t o be
conpl enen r i said at
east - one Ak puRERk utr BRI AR Mol BUBLE E\ @bt MO BRSRERE P o00a2)
An ei ght hhavoreitiatied tovding sypets thydt dishipatp hez erio therdvemntcrr’ouﬂdimg irdgsrairmet hod of
et o0 Y AR LR R B0l LRRSBR kDot AEPE G e oot of
int he r eblarharyencrdabéh@f d1gsr1pmbin Eéfngéraﬂmmta pqmaqsmcd):mf chslinggdiesady or
conpr4.si n evi ation of the nmean Replikin Count of

a pl a|.?9“%%YG€WP§g8$H§%WHa%?“?%%‘?ﬁéxe first malignancy to the standard
devi ati on[ofiott he m@pﬁﬁpbbd{in@ sfsdniithaOf beenpttenhgbd, byt @ik t€@bhiscadf sai d at

| east one second nal ghanc and ctin hat t relative increase in
the rel at FURPIFdYeh ﬁa@/ﬁ&m fouied oot %fecv ehgher F‘iqf ISP THYRPY QRIARE i s
greater t8an tb hRtifyahakingsin hw-BhQb-cbdlmRasAL | Stilt ARerkRkRt htewoaps©f growth
of said at |east one second malignancy if the standard devi ation of the
mean Repl FealiAg Eptrs beipe fh?éoblﬁwrr%ﬂdﬂwtw egripsofdhe qompuist. hubigiset hsatom r st

mal i gRancy,diifig He@RQE. ot Qﬁlﬁe;&éa@dl % @p E'é}ﬁ;g.\téi%ﬁh aithANhOfatd LtcFRAN VRaRA b Ki N

Count of a plurality of cells of th | east one second nal1 gnanc

[ 00033] | #ereer mesn)| iAeEerilinglyeenshbaicthed of grver Recamgter Rodiwp sprendy et“lﬁ@)’yi/ esent

| nventi ony Biodly diEARlod BAR dobh SlonRILGMANR IRy Bon@rELAR A%k S of the at

| east one°@%00m§ %ﬂ%ﬁ%ncy or @ke at ﬁea one (?ﬁgt mal | gnancy, or may be
a nal|gnan@ym%m%@wkaWMmmﬂ$@kwnmnmunkwwwn type in a subject suffering from
the at |egpboPne SRGANM, TRlI0ANEKer hil e AR DELi00Re blILL: g fiRpd ment , the
at Ieast |rst ma 6 3 and the one econ mal 1 gnancy are
bot h 3%et asttnaw@sntmuctl ag fhlﬁdeﬂBEhp@YIamePUl Althm@hbms cepable bfildlivergngenbodi ment ,
from the e rraRgramdles TSR MRF ghdy oot o B BRRCLERgRY o'
mal i gnancy i s a plurality of nallgnaBC|és differing fromthe at | east one
first malignancy, or the at |east one first malignancy and the at |east one
second mal i gnancy are both a plurality of malignancies differing one from
the other. In another non-limting enbodi nent, the at |east one first
mal i gnancy is a plurality of malignancies of a first type of malignancy and
the at | east one second malignancy is a plurality of malignancies of a
second type of malignancy. [00034] A ninth non-linmting aspect of the
present |nvent|on prOV|des a nethod of predlctlng an expan5|on of a

N T



standard devi ation of said nean Replikin Count for a plurality of cells of
a first malignancy for a first tinme period in a first anatom c region or
for a firw02plumedirty of malignanci es; determ ni ng a ReplCirkisroo@osssps of at

| east one other cell, said at | east one other cell being distinct fromthe
plurality of cells and being at |east one cell of the first malignancy, of
a netastasis of the first malignancy, of a malignancy of unknown origin or
unknown type in a subject suffering fromthefirst malignancy at a second
time period and/or in a second anatom c region, wherein said second tine
period is different fromsaid first tinme period and/or said second anatomc
region i Sclg Haﬁ'ﬁ &%r ifsré?l@h élﬁh%hafvé rt§ﬁat§ 1959 %nsneeg'd%ﬂseq%ntl fco%11§§cond
nallgnancy nad Ferent subj ect; i cting an ‘expansion of said
first mal mgm@nh@s to daté Havenesabiedigiose 0131301@ Oﬁahlggrheyﬁb@f elfetrignk pownmptidngi n - or
unknown t I ferent subject if the

Repl i ki n Cﬂg&gﬁthmgﬁgﬂg%éﬁa%%%qgﬂﬁéw&gS fﬂ%i greater than the nean

Repl i ki n ©9@ht of Tltteefpieuﬂlableklytwfe eed fos alpbﬁts‘tlmeff&eandalrldwdesucad)hrgn of the
mean Repl allt(rnatlco T p nlur%l nét a; am rai %1 ntgclll kin Count of
caid At | Bkgpigpl 8? %“8 Y8t urs 5’n°¥%" He nCli’fe BT G0UNnt of the
first plurality of nallgnanC|es pl us one standard deV|at|on of the nean.
[00035] In a non-limting enbodi ment of the ninth aspect of the present
invention, the at | east one SWMMAR¥IOF ISVENIeONNd plurality of cells from
the second tine period and/or the second anatom c region or said second

mal i gnancpop?] a di BfiTye e pidd8jtedlenticiotilkd nBeg apierdtusCorimsOdndeaaivacel | of

t he pIuraI|t¥ of cells fromthe sec%nd t% period and/ or second anatom c
regi on or [ &ITIcalY BoRINERITRINAR 5vies havipg ?aég@ﬁfatlg&sﬁe%t&mq QIPGRTFEY ed

separ at el yych@s, tth@xhBae, iRepbhdehily HRWMe RIS iRRRrsel and@bdcHenial ceef said
mean Replikin Count. In a further non-limting enbodi nent, the expansi on of
t he flrstnﬁdﬁmﬁnancy in the second tine period and/or the second anatom c
region or johg expapgl s?@teﬁfmazq{léjud%%@fégg olBah B PANGY dnn@ridl JofBkceh subj ect is
predlcted if the nunbér of kin Counts of the second plurality of cells
t hat 1iSs ghavanee cooksgnintehtor r@alﬁmgépillqlm‘trﬁv l@yigwoolsnt witen fhicrinteriqrvohanciang  of

cel | 5 P! U handans APUIALLON: AlLhe AR08 BRRk &L Dupnt | s

greater t e nunber o of the seco ur al Ity of cells
that is | egsmehbncaohet inr@adeb@NOIlannomubmng)ﬁuldlh@omplwstp epclhmﬂair; bye @f cells
or the fi al | of the
mean. - ooBak Ttk bkt I BT R . MeRUS RS- SHANRAEAAEHBhED
contenplaueév@akhmdmmmﬁmk@MKHmhgxmmpbmgmes1$mamaacb@ndemﬂmsuﬁh@mlng froma
mal i gnanc sai d oncer nancy,
corrp%iram né}ichan rﬂlﬁgllygmfp ?fta%lEe cO ett#%le] a?ﬁ gtloln ¥an1c<) the Qeat xic{dan cy based
on a Repl bdingdiGaiiynlocited fadm kleastk; G)p&mpﬂhidly&fouplhdétdﬂié h@nanhmgeﬂ andahe

non-limtin odi f the t ct of the i.nvention he, fornmul a
o e ki {is® Hany B PR O o P esRTR Depa PG T R RS of
first typeoont ﬂ%ﬂgﬁ RaAREYcirch c@fsishgra Mertikchitbdrtinge-@erandi froenthe cddignt

mal i gnancy is obl ast oma mal i gnancy, a thyroid nallg ancy, a prostate
mal i gnanc{retaf @Pg@%ﬁo v ﬁﬁﬁ%{nwwr& Gy a?li}o%?’%ﬁ’d‘é}g FP&F?@H&%E%FUV% uterine

cor pus nmeddrenanGy codak belde RahBEE MK FBHIoH BRABRYng ﬁorﬁ@ﬁe%oﬁﬁﬂ JuglBap e an
ovarian nalignancy, a nallgnancy of the oral cavity, &%phocytlc | eukem a

mal i gnancleat exchufcer. pda fayeh parsopraxtprgingregm the %Iﬁ?haegw Regiey inlgy  a

non-smal | aE&Jtﬂouéﬂ{ﬂﬂm&ﬁ{o%hg%&exﬁpérdt&@%ﬁﬁﬂé dléléEtri% lnlgﬂrdoblahttdt RAcRMHRdi ment, the
kit conprises software containing t f or mul a. 037] An el eventh

non- | i m t loggfioasytit the fluidisercyt et adimvégﬂhpélﬁwmf &mdd@@ctrsp lieidoglagt

predicti ”%O&%ﬁ tﬂeqﬁh@#ﬁctu){ H%rd?r_ tflétrtﬁetdlagétflgﬂ(ﬁ{‘&é’oo%mrnhﬁﬁtﬁﬁed Heh %erAtEH ng a
Repl i ki n unt of a first malignancy per mng a regression analysis with
the Réplikimpe@bunas ibéxita thelseecall ictrquitgfortsmad tie fivad ¢iguaneheasn erag legstiohe
lethality he
ot hal | tytaglf cﬁﬁﬁgr&f ft%t Ral¥a119Ir1rgd§1%%%ge Egqg%'lt%ﬁl%ht%thu?@gng(%r?og'rv]gllhh{é%uéh t the
pl ur al i t ythaf, wherctha glundity gﬁsamersam mbuntabl)nmnewedrthetrmngeaelnmwr mubmclfged he

el eventh aspect of the invention, the regression analysis of the plurality
of second nmalignancies is perforned gsing the Replikin Count of each

i ndi vi dual second nalignancy of the plurality of second malignancies and a
pati ent survival outcone for each individual second malignancy. |In another
non-limting enbodi ment, the patient survival outcone is a |ength of
survival of patient follow ng diagnosis of the second malignancy. In

anot her non-limting enbodi nent, the nmethod is performed by a processor
wherein at | east one representation of the prediction of lethality is
outputted to a user or display. [00038] Another non-limting enbodi nent of



machi ne-r eadabl e storage nmedi um having stored t hereon executabl e
instructions that, when executed by a processor, cause the processor to
provi de swbf2omimEpii7data to a user, a display, or a printomussaolsishat said
user or a user of said display or said printout may predict the lethality
of a malignancy based on the regression analysis. Another non-limting
enbodi nent provides a conputer system conprising: a processor coupled to a
network; a nenory coupled to the processor, the nenory containing a
plurality of instructions to performthe nmethod of predicting the lethality
of a malignancy based on the regression analysis. BRI EF DESCRI PTI ON OF THE
DRAW NGS p between
the. concentrathon ot b e SR L o e A o
i ndi vi duamajptaptied the ea@s@hﬂaaﬂéuuwcphla@tain&l@rele@@tbd @rrmﬁraaquaﬂomt@m thg of conmon
hunan mal j, i I i f the plurality
conmon ﬂﬁ%ﬁfﬁﬁﬁﬁgﬁgﬁg¥§gy§@ﬁ %M&%&ha%%H§%%§§mgﬂ@é§§$£eg fromthe
h| ghest REPP41ki nColih¢rnatthelyt the n@dlngmy%ﬁrﬂmpluﬂédanldé‘ea)lne @ahéemﬁngzelcpp@mces
surveyed %ttr I 'IE rrerg (%(r)nmr rTl ntln T n‘g ng 1ﬁ1¥ntti1at 0 i rr? rasl meported
in Bré&nnel " O T%n% LIS P%lvgl F@?O% ogancer p%f?e nts achieved by
t he end oﬁndtda;ﬁﬁ@ﬁédnoaﬁnﬂhtabyr rec&m{&&l’phﬂdht@IOﬁinylspeﬁdentISF logerhidaigeters Bikin fiect ober
12, 2002), 1131-1 135. The lo i.n con tio a een in
Uhyrof o C BT v e i b oo B B PRy BbhaRE  or ot at e
cancelr ( 2pluReipl dfkemeseopdesEes hcb@lﬁngé@ﬁelﬁmihﬂﬂg acodlisg ﬂai’dldfld\xh@ inawesdndf i \(/g 0/Slear
nortality_rates are seen in thyroid cancer rostate cancer
The hi gheg‘t‘ﬁ REpH Yhorcle erora o ﬂglgay%e%&é%tﬁﬁ? ﬁnmm Bapylingdud Pung

car cionBcdudRP 1d3eRl ivkhin (HEA UARCRS tART fol @BrnauM, Jﬁaﬁlﬁ H@a)tedadiéiedufb &@olzabl ast oma
(324 Repllkln sequenc tnﬂ100 am no aci ds) [
M 1

est flve-year
nort al i tyfPathepogtion of %ﬁr%lﬁﬁrlftm%&wplqr%m& OE%%F‘@FSn‘H%Lﬁ the sty g

gl i obl ast giging A8%Win thERESR @Qid%nbllujtfbﬂéj&hﬁg ﬁea’f ﬁbﬁtsh@ﬂ%meﬁ’ dRegkmgen Replikin
concentration in a %l ven ty cancer and hal | t?/qll n t hat type of
?

cancer asceanparcentrellsr f%@@é@ﬁng@hmte&@%@rﬁ @fahq d}ﬁle%m@l g peglang gt ait agt her
types of i B4R fikt : Ll ROh 1 Sl on

anal ysi s g%“%ﬁ?““%?a pr%éeh@gggwﬁnékggﬁe‘@&géa it &98%%@Emf1g gﬁregre53|on
for milSa pthowigh de segond Hleidagnie gsirder that dleyhsited fhsleytrled)qmdoqola@ exiting @041x +

35. 812 wi f)lﬂraﬁ cff%e?(fajs Bfltal(?le(? 91%?0 uglgtg&%%‘lm glbw%‘fgdet Iﬁ r!tt{lr;é%hre?eﬁ he & di rect
sequenti a elat|on et ween i concentratio I'solatées of taura
syndr one vlevamd télﬁﬁ‘fvatumost 4 otpecitifre s:gmﬁmntlz @ighditiban thavypicHaweifortahledodMenezuel a,
respectiv an nu [ days to 50% nortalit |n Li eus
Vannanei - SRERERERLRRBE AR Roeh b BRSBTS cal

di f f er encessided Nmegenbfaeng?espdtiohmmompmmmnrtm pltmahﬁymf s@aarh w}m:ehralt}e aar e

signlflca t at | evel strated . in Figure 3 are
deacrTbea i dbs e R She S, < Povinshe dihirs TauRpy B mamatng g o

correl ?t [ mumefl}m@m ?ﬁﬁh ithel plnurlamp@eghweai are mgumablyf @écatv%glalfelﬂ, @tuéaai[ syndrone
virus (TS col |l ecte romBel i ze a and Venezuyel a,
respecti vet tant%ﬁo%‘éﬂfte@mr‘éfﬂs\ﬁé‘ ‘%‘Eﬁg?f’ Wﬁllrllmél?e? rchrad coolanh Amei shri np

at 15 daysuffiitiRly Gbiald QBgRs Wi eRSPREN tHEtakioK shﬁ'@leﬁﬂﬁﬁ}ll optiRtliqatd cal
di fferences between the Replikin concentratlons for each isolate are

si gni fi cafftolag mainfainjig theilqwéeomm [exitingd the plugality plssriestad apnrorimpiglyte 4 are
descrisbedei NP DRl REFAbIED: QESCRORT O ikt NYENIION
Definitions [00043] As used herein, a "Replikin Peak Gene (RPG" neans a
segnment OfCSRECHENGA®T protein, segment of protein, or protein fragment in
whi ch an essed on of
Cont i nuoul Hon- | it ey T L e e buas e KR LR Bk Cnper
of Repli komns@qmrv«@b@ep@ne TOBramonging cleddprswesiordptiedic bpengntager segrrent S
or naned I . r gene
segront  t Parng s cchlBur PR RAEE R idiaf e Sl Dol BERErEC,
porti3fn) Wwakinnlg inteeotodimes b dmdmtreritqmltqoo}antm‘irculamHg inadus ﬂRebdmcmt n sequences
is also rglf erg{ﬁlg th?ralats pe?ve'r?sepa secon apecgohn ) se[em av1rel ;[100a 11nO G rmy be
identifie gene se TRt F%y n, & Prag An
RPG may have a ternlnal IyS|ne or a Uernlnal hlstldlne tmn ternlna

|l ysines, or a termnal |lysine and a term nal histidine. For diagnostic,

t herapeutic and preventive purposes, an RPG may have a termnal |ysine or a
termnal histidine, two termnal lysines, or a termnal lysine and a
termnal histidine, or nmay have neither a termnal |lysine nor a termna

hi stidine so long as the term nal




portion of the RPG contains a Replikin sequence or Replikin sequences
defined by the definition of a Replikin sequence, nanely, an amno acid
sequence weweorigiggiout 7 to about 50 ami no aci ds conpri siPog/USedp/0a3304 east
one lysine residue |located six to ten am no acid residues froma second

| ysine residue; (2) at |east one histidine residue; and (3) at |east 6%

| ysi ne residues. Further, for diagnostic, therapeutic, preventive and
predi ctive purposes, an RPG may include the protein or protein fragnent
that contains an identified RPG For predictive purposes, a Replikin Count
in the RPG may be used to identify relative rates of replication and/or
lethality;, L i . LI I S 15000 or as a
vacci ne. %M%#éﬁﬁﬁﬁﬁgﬁﬁgﬁ355§?§?%%ﬁ&¥%§§%§ﬁ§%5§%%¥gﬁﬁ?%%QE%EB are |1 kew se
usef ul f othedpelmadbid; e courteregated widinathelatgeasvensttinkefop thepodbsrouglingh as, for

exanpl e, e inek I8 ] i . | ’ r
productio%ggglgﬂgﬁgﬁgﬁgPtﬁgﬁﬂ%ﬁ%ggggﬁﬁgqgﬁﬁﬁgg%?%%¥ﬁﬁ%%@§§Tﬁ%§“%ged her ein,
a "Repl i kiaveseyiilen de'taiksto #re caplimphad indhs eqaehibed cfcuit foraembiogtso® ofim no

aci ds .conpri sSi or nsi.sti,ng. of epl i kin tif. wherein the Replikin

mot 1 1 Sconpietd eyl FRahe A ful R Bohbt P e P AR b SR ¢ or m nus
of said i geldaiediciipid @elaatd atdtast @@dbcatine whthisitiefinefhiidlciecuarandfor! east one

hi stidine residye Jocated at a.second. term nus, of .said i ol ated pepti de;
(o ot ey e opad e enpd ity b hblRibd eRBR Belond | ysi ne
resi SUE; ﬁ&)ed&lﬁeﬁéo@r&Sﬁunf@ol‘hhS%xﬁtdignﬁe plesiigus 'sTraelE(tﬁiis(Iﬁe)intalhed Spsixihdellyysi nF )
resi dues. For_ the purpose o et erm ni Repli kin concentration, a Replikin
sequence mgteleﬁa%%alpﬁv&iwﬁ?r@g eV ted Ky e LA RSB %ﬂgfcaléﬂyor a
hi st i@i nenipr&ikinehed pichtoRtdRblct8sitdipSranirofor dhAGNRASY idver tHARKRPEUt i c, and
preventive purposes, a Replikin sequence may or may not have defi ned
termni. [OUORS)PorRiEsiPleteAPREYF kibg MasgBntE heaamerds deterict o a nucl eic
aci d sequehgRneNGEH Py 8RR AGhdciR SHYENER HRMhITGs 8Rdbred 6,0 about 50
am no acids conprising: (1) at |east one |lysine residue [ocated six to ten
am no aci eentaringthe dliclactin liguslcookant wighin fie intersgr golamespgh that, Weengthe one
hi st i di neppesidiie 80 mduntibl Gy 3! 8 fifih thet he ani no
acid sequ%ﬁce‘nayég%ﬁp$i§%ma%€g§%?ﬁglf%%§?%§ﬁgﬁ§ ﬁggﬁﬁﬁgt eﬁ‘qoﬁprise a
termildal digkttne lignid goglant formafficiendy tailing cach@opadive Agvarsedi mhwfagtiing thehe term
"peptide".or. " pp el - - ' acids in
whi ch the11 é¢8§%§$E%Q%%%EE@E%He&gg?ﬁggggggg?gag,ﬁgéﬂéa%§%§nn9%ﬁ§ﬁb group of
anot her ardne theardount af @icrgg pbistmet o fficksitiysed cherreipactivtisgwtrat ed” or

synt hesi @%96] pept 'i"}geei;;x%gre Bf s(,)etrveelr D cRY pb e | 9 Ilgc?els lay 1e3¥ E)rllevtgnlp L rlj[n{no o (())f e
pepti de of protein refers to a pep??é% Hat 18t &t & purification,
subst ant i altdripr ¥ slemec add leelngual cavlandbler foatecadvingt etectniqaid coatbntrvgthin e ei ns or

peptides fromthe cell or, ti.ssue sourc rom whi ch the peptide is derived,
b P s illet bR ab s B PR RRERF e BB ST LR sbln W ik Em B when
chem cal | ypeayimeh@soiad, hy cadiynt iéthad the@bolsntatl@mbingfuidlyf ¢plell kodrch
contam nat i ng peptides when synthesized.by reﬁonﬁinant g?ne techni ques or a
protein o?thse@fct W6 of Fate RALBEBRMPED PayEercr IS PCYFPEMICHY ¢ acid or

am no aci gonFRaee RCASudbRf reddite AyafaliBfGer & LOVeriddbbiichtlbn Phthivahe dat abases
or sequence collections.. An "encoded" or "expressed" protein, protein
sequence, S BeIAME Foi gpimiziag e dentrrint of thy sssygrdeatbe dei s geound aad withthence
encodgd by JRHR!sEiVEr BGhIuSCAYENCR iR BNEAHGSMENE  AILINGF BE RIS oft he
protein or peptide sequence with any codon known to one of ordinary skil

in the ar teryRswvihg reamwingror disturipgulypthses sevetredhareiathei o lepg otapk nown in t he
art that, Vi dp Dk I Jndi v I oti des can
be readil§ ?%gﬁgﬁgggﬁﬁﬂﬁggg%ﬂgﬁkgﬁygggﬁPkgﬁggﬁ?Fl?ﬁg%ﬁb. eﬁ?ﬁggkganino acid
sequence. When yplbtalityeof gerders steanainiaplyoeesivefl thekdin, lcaghrservieebearg movantabt hod of

i dentifyi . | Ki Male) i e 4 t hod of

| dent 1 11 hae e BB B B T R P e e i
sequeifice whpcevaschleewRaphe kink isanffrrendy fdl delgulenokcooknencoded by t he
identified nucleic acid sequence. [00047] As used herein, "Replikin Count”
or "Replikin Concentration"” refers to the nunber

8



of Replikins per 100 amno acids in a protein, protein fragnent, or genone
of a cell or virus. [00048] As used herein, the term "continuous Replikin
sequenceswormamEIa7seri es of two or nore Replikin sequerceassténaszsne

overl apped or are directly covalently Iinked or are both overl apped and
directly covalently linked. [00049] As used herein, the termcancer "type"
refers to malignancies that share histology or origin. One of ordinary
skill in the art knows how to separate different nmalignancies by cancer
"type." Malignancies subject to aspects of the invention nmay be of the sanme
cancer type or of different cancer types. The nalignanci es may also be of
unknown t jgesor may 9@ 1B ASH R Confbh o R gfqhaﬂggpm@fan& YREied
cancers hlstologlca Iagnosed in a primry gnancy are of U nomm
cancer t yfhe sguehoes CVWi@lnS e apragpssalsiasibedaltove. andhedingat doastmng @aﬁkldaﬁmngnanged
A 35 o BRIl bo R IRARMERI:Sich ) s Y oL SERLOUGfn L NOUS. | 1
such cases resent h drction are of use as an ndependent
met hod of mpmbes pOsmrrgled Wahmeheamtemer vﬁmree ofd qoe@gur@btblnmunahld reetvieal ity of
unknogn anlolra1 t H“?tuﬁlufnce{ I ﬁ OdSrOfnﬂhed'%&l ?rﬂgel tive
replicatiBbn vate "mna7 o™ Pety Fﬁ?w oEed" herety provicde 8 tesl for
predicti n‘gldéﬂmdernﬂ[yamrvlﬂe Featads @ﬁergmcewthtmtheqihaa]l1tyef5eevdrs catouotablyat e, and/ or
relative | et.h % of nall nanci es that are, of nﬁggmm tg e or of unknown
hi st ol ogi E&f" t?YgI hOHHE /BT QP‘émWﬁf%‘l SESECh bt £ac REPITRICACEHUM of any
rrﬁl [ glnancyubwfeegeba{] a @cfhlnhaomaemun&gnwmmmabsotumgahea{ ﬁ&%sd)dh réﬁ)eﬂgled her eihn
"honol ogous" or "hon sequence Jdentit are use i_.ndi cate that
a nucl ei cOlaecqfahes@wa@?iegg%ver%rﬁ%e@a r&O@éﬂ%@ﬁ&@t it ot onS Glearit a

st rucipur athe@ially¥O6H1in@ MR he@@Y UNRLEID GiGuidich flaid MOAEEH (REUEHRCRang@tyr St T uct ur al
or functi onal dlfferences bet ween sequences having sequence |dent|t or
horol ogy THSCHngHd lenst somsichihs hegtghtorbed bythredielgtrie ligipd coolang frpmiepch %lilq ity of
the Sequeﬁﬁ%hhpoffs%&’s' (Pﬁ'e Rt &RAGAL R B&s&d&%téé%{hraﬁs@c&}ﬂﬁ’ﬂy'c%@l‘iﬂg%stem

Di fferences may be due to inherent variations in codon uSage anbng

di f f er ent Thpeswplesmay geludg éﬂbldéoulgt?rrf%ﬂluﬁlalcéﬂﬁlméﬁ}é’rﬁe@@tr&? I&Wi%@ed de
M ni MUS i ;.G G| e§chgn%% gﬂltérh&% er‘?ﬁch?l%?ﬂg&g% ?Xr?gfe} RPaQf Simlarity

bet ween two or nore erent se uence or iT the erent sequences

exhi Didt  sintarhad to thirgask erd themtlacounlddgp itheslidecte liquid ¢pelagelpated beshedi f fer in

| ength or r ISkl ' ability
to hybr|df%%ﬁiﬁlg?ggg?#ﬁgggcongﬁ%ﬁ%ﬁég&%gcéﬂﬁ%ﬁgﬁénggm0§§ﬁ£%%€?%égﬁ
|nnunologmcdhndwmsswéaaﬁbmmw%wrauwhbanﬂmﬂwymawﬂéea@kdwngywmemuuhahe skilled
practitione adi,| mne e c ese eristics by art
noan et Noms e {aUBEH kg B R SRAE By WUSER GAR PR ShsiC ent

honol ogy a;fchin@@r s dguesesupkhe thecmdmgﬂmdzﬂoen@ mgmesdcdndarydmtd dgimlit conpari son

pur pases (e, g. can i ntroduced.in one. or both. of, a, f and a
ool arreh st 16 e e e O sk B PG e 2 FhEBibeand non
horr?l 090380035169g&ﬂqﬁ§a&&beﬂlﬂ)ﬁoﬁitﬁdlﬁs@&ﬂd&&cfri@ﬂlqﬁﬂmbalﬁhté‘a@ﬂlemwmﬁseS)- In a
preferre odi ment east 30% 40%. .50% 60% 70% 80% 90% or nore
of the |ew§5§ﬁ of aArla?tﬁ?de?feeolél&mwe@xOé indFRGATYY 0BFraRIE A AT T gy d%ur poses.
The am nofigging ald@dceéeaRufd cobMed if QtflufiRSrcatl 1FAhSANNdIi RO & dOindkdrebd
positions or. nucleotide positions are then conpared. Wen a position in the

first seqiéhigdhgdcletugliqudicanant fs absorangHilest ad&ﬂepnr%gmhfét%ermgmm eoti de as
the carregpgnding d@%bftth@féslse@u&em%néﬁcg@ﬁh&ﬁgwgﬁperathﬁmftﬂaqlqmlc%sluhtes are
|dent|cal at that EPSItIOﬂ (as used herein amno acid or nucleic acid
"identitystatkagqoe ﬁ*l‘t&fitmthéﬁ helng caeviy determinpR diccorsaiugr clqyvsiesl ogy"). The
percent | gipblahife DRhYRARI ol QRRAUBARES if ik U PBr SlvohGengiber of
i denti cal ﬁ@%%f?%ns shar g flf gﬁsequenceé 1§w'#g %hfo acggun% tﬂg nunber
of gaps, ﬁlﬁdllqmld@0¢1@1nguﬁﬁcmﬁthewl‘ts thapluralifyi Qi‘hem@red/hﬂ@reldecmg]thp_@nﬁgmé@f for
optima bl AnRAlfl o WnkuRSSOHERFRSchARRR) WTBRLARIBAIASEN of seduences
and determnation o per cent entit d sim ween two sequences
can 3@ ac@ump@hsﬁedtumwm@masgﬁﬁh&ﬂhﬂﬂ@ﬁfﬂmmgwnmmmmtm@mnﬂnunmnlonal
1o83: B o RBar Ty TR ARl et R R g SISt AT R S
Academ c Press, hbm/Ybrk, 1993; Conput er AnaIyS|s of Sequence Data, Part 1,
Giffin, A M, and Giffin, H G, eds., Humana Press, New Jersey, 1994;
Sequence Anal ysis in Ml ecul ar Biology, von Heinje, G, Academ c Press,
1987; and Sequence Analysis Priner, Gibskov, M and Devereux, J., eds., M
St ockton Press, New York, 1991). [00053] The nucleic acid and protein
sequences of the present invention can further be used as a "query
sequence” to performa search agai nst sequence dat abases to, for exanple,



identify other famly nmenbers or rel ated sequences. Such searches can be
performed using theNBLAST and XBLAST prograns (version 2.0) of Altschul et
al . (1990)o2o10ds17Bi ol . 215: 403- 10. BLAST nucl eoti de eearush@s/osmns be
performed with the NBLAST program BLAST protein searches can be perforned
wi th the XBLAST programto obtain am no acid sequences honol ogous to the
proteins of the invention. To obtain gapped alignnents for conparison

pur poses, Gapped BLAST can be utilized as described in Altschul et al.
(1997) Nucleic Acids Res. 25(17):3389-3402. Wen utilizing BLAST and gapped
BLAST prograns, the default paraneters of the respective prograns (e.g.,
XBLAST anchiBhATH) wGeRuhEo uaRlc LARGRAT AR Bt RLSLD Jeryagay e Ts any
subst ance, conpoun%, conposli tion, xture, or other the apeut i ¢ substance
t hat, wheficterdmiing by eewdrotle the dngmahoionergyinpaled (o rgjcetrilye shsothodihaf for

adm ni strat j. - ski ' : I ces an

i nmune r egépocljlﬁg teﬂé'bgﬁyﬂg 81; %%Fsé?8%%§§,0%£1n§% CE%%}%}R{ %@g%ﬁog)iaﬁl?%erawg bgg%t ective
ef fect i nplubadityhefrremversto ahdarechar{g000Sal]y ldsatessieen Hertaiknand hjectingrateast'agr owt h, "
"replication,” ! ressiyveness, . and "lethality" are interchangeable for
the per potdlonst BPBGFRREEEE P yad Lo 1F rsbehen BUe b LRBARER A oy " e
rate of goit imounabenefgymeplet] catejconthe Agg hiasmict BN @ sljclairid lefuhiadoblayt of a

mal i gnancy, for the purpos Q rovidin redictions pased. Repl i ki n
concantr aliBile sty B DERSRadbeBERH o PP ifo s 08 R dNor G ont b,

Rat e of Refhdtiagtic@mountid hb tdjedtddt tiroadiohg héaedandoehilcs tHa00RAG)echir enbodi nent
of predictive aspect.s of the present inyention provides t hods cif

predi cti an‘{lii‘éooi*’éllts’PP thFaQ‘éah@fO FOESR hf RevHed Spgalrard ity épt't cat i on,
and/ an t here peirafty ¥8schefsh@liletyduefng@hddnictht sTRhérgpadtyméstocemRrRhfdcdop a second
mal i gnancy or as conpared to a pﬁur ality of malignancies conprising:

conpar i ngt¥%h FSPESUKS HF°Cunt in the first malignancy with a Replikin Count in
t he second malignancy or a nmean, nedi an, node (or other average), range, or
ot her aggregating or segregating neasure of Replikin Count in a plurality
of malignancies. The paRILPDEISEPIION RTHIEDRAWINGES net hods of

predigting relative rate of growh, relative rate or replication, and/or
relative ality in i i k f ,
whether SLEh bri mary mal Shancy B SRR kRE o BRLAL WAL, o
unknown t ydrentegesdircirgpf refeihec iRopwinkeida taGbel fitllovan galespeipg onrsdaksh it ¢rmjuReipdn ki n
concentrat | of 1 i &. the nunber of Replikin sequences

i dentifi e%tﬁrqletaﬁ%O%dgﬁ%lﬁ%H%g&%ﬁgg%hignancy or in a segnment of the genone of
t he mal i git@dely or FidemAiiflusadtes oncaenbodinennofcn eperoplaiynydteradmrefficiafly t he

mal i gpanc er 100 h@nct?lgcgd 9. nﬁ;( rezjfeedwarmﬂ no acids. A malignancy having a
hi gher Re%(?ll%ﬁpéloanc?'e P B A beendeonst rated to have a rel ati vel y

hi gher raf0®3of repFiCcaBiilbntrats gr dwtnatiananbod nadnt vinyexgngatyaeysttetibral i ty. See
Figure 1. F{‘ii kewi se,. a nal |1 na}nc(}é hrglvi aW\‘S wer Replikin concentration has
been denpRSEFAtRePOling nRYEIL Gidpdeps SlFti}’g‘?pS SF'Af'® of replication or growh
and rel at jopgdly | owelG.I2eitihadatek Yhe sp@em bdF1. 0Q@ShbreARta@bOdI ment of the
present ipvention also provides Replikin peptides or. Replikin Peak Genes

i denti fi eOdik hin e JEHGHES bPerycethien Phef e FaRSY dMBICBT W $981e8fack cel |
fromaat | gasty HNErafilyloFindeRnbENBIHYrab0 860D mdahied fMeleignancy is predicted to
have a higher.  rate of growth or replication or greater lethality than a
second mafhoéﬁancy BG. 4 ilsHreya orpEgfevgefdh mmpssipnspraleddesiohonp igfioat er
lethalitysthan a plurality of other malignancies. [00058] The relative rate
of growth, replication, or lethality of a nalignancy may be predicted by
conpar i nglQ0Ral Repl FIi: A ltustintes areng clovation Vit pighaimayersign-cededragl shkva Count  of
a second [m;llbg@ancy. A cell froma first malignancy may have a hi gher or

| ower Replikin Count than a cell froma second nalignancy, a higher or

| ower30ReplUORSIN CoulnliG. b hitwstrateneade Replipkyiaw b thetimgkrszongiogled rdck yhayin ivel | s
froma sip mal i gnancy, a plurality of nmalignancies, a plurality of cells
froma singl'é patient suffering froma nalignancy (whether the nalignant
cells are of known or unknown histology or origin), each of the plurality
of cells froma malignancy or a plurality of other malignancies, or a
plurality of cells fromthe pluralityy of other malignancies. Hi gher
Replikin Counts represent a higher rate of growh, replication, and/or
greater lethality. Lower Replikin Counts represent a | ower rate of growh,
replication, and/or lower lethality. [00059] A first malignancy nmay be
predicted to have a higher rate of growh, replication, and/or a greater

| ethality as conpared to a plurality of other nmalignancies if a cell from
the first malignancy has a higher Replikin Count than cells fromthe
plurality of the other malignancies.




A first malignancy may |ikew se be predicted to have higher grow h,
replication, and/or lethality if a cell fromthe first malignancy has a

hi gher Repbi2kiomi@&iant t han the nean of the Replikin CoumrC3/uskooombsisss from
the plurality of the other malignancies or than a plurality of neans of a
plurality of the other malignancies. [00060] A first malignancy nmay be
predicted to have a lower rate of growth, replication, and/or a | ower

| ethality as conpared to a plurality of other malignancies if a cell from
the first malignancy has a | ower Replikin Count than cells fromthe
plurality of the other malignancies. A first malignancy may |ikew se be
predi ct ed dO@Y have ﬂ*’l@"@rﬂhg{r F\éﬁl en'a%félv th%tVlléQKpOf efﬁ%‘ljté 5t1\JeQﬁ%¥s'1c;nydofo e Cel I from
the first gnancy has a | ower |k|n Count mean o

Replikin @gbha\sngﬁ plul@lllyyfﬁrrd@mnﬂhélypllpguablle|S@Iyer@in8taﬁed ey mal i gnancu es or

than a pl Eb(’g?ér{];;%’ 81%1@%’?‘1‘11% s é‘togﬁo%%}&xﬁ é/ftﬁé tnﬁa?e‘?sé’ﬁ D&ied TR s%ﬁ@:ﬂ%l %, [00061]

In an enb a pre di Ct1v od o e |1 nvention, e relative rate
of growt h7. relative rate of repllcatlon or relative Iethallty of a

mal i gnanc L r|n Ki n of .at | east one
cell g Pquogﬁst ma gngn mesmxfﬁ FB% n8&¥rﬂ?rcgas ngﬁ%mbther cel

of the ficeledradk @mmg@;pluralhgomﬂds]ﬁﬁlddﬁﬂyopqmqﬂjlg/set@rﬂnmﬁfmisthaémc cell of a
first nal ncy ne other cell.is di f ferent tastatic cell of
the 11 ot (R ghantis. T UhSrSn Sl Sevdn vicdytp eGrobREbplre AR MEcy, or
is a nali giaditrackeiabvingfa plMINEVAiInGEPeFddntipbpdiabIe @&rad hewikcdsbiértiar i ng from t he
first nal nc 0 The Replikjn Count.of a. first palighancy nay be
conpar ed (944 pl ur]Z[:nJ% f%{‘;‘ﬁtr"}‘rﬁm&ﬁaﬁﬂVéé’le&’r '}M‘e&yr%@%ﬁm&erwecpgﬁe RS { he

Repl ifgi n ﬁ:@lﬁfgtaIﬂﬁraﬁtymfWd@lbdnﬁéht@fop&ﬁbl'egé}aélﬁ hRgnted hereREPHH #hi Blcb|bNt of a
first malignancy al so be conpared to a plurality of neans and/or

aver ages 6WH?H@HF@6%FWPW“€@9W? of a plurality of malignancies. [00063] A
nean, nedjgn; nDdeFﬁPﬁZQBﬂ%hp@%ﬁE@Qﬁ%ﬂoﬁ@@gﬁonQfa&%@@ﬁmﬁﬂg&ﬁgﬁihﬁﬁbneasure

of Repllkln unt may be used when anal yzing F urality of Replikin
Count s. Lﬁmt@éma.‘ah@/mét@%@rmﬁwemwemmwrww edgRiven ra¢kﬁ depietedit  now and
her eafter ﬁﬁy egrto aggregate or segregate the Replikin Counts of

partlcular |gn ciés or particular cells within a malignancy. [00064]
The rlat e B04Yr owt hEIG: 4ER isoh iHephiigatfiadnard divd obthe cetviantidnelragf-maumailé gnancy
or of at t hod known to one of
skill in %%grgigﬁﬁéaggﬁﬂgnﬂ *ngﬁeﬂﬁkﬁgqgﬂg Sg%ﬁ%?ﬁ‘ggy be determ ned by,
for exanpl0844kt he rEiCe 1dfs anwod elasaion miewolftimemofergort-comixd s¢ryer racky oftHer
measure of,.size including diameter, circunference, etc.), the rate of

i ncrease |ﬁ mass of a tunor, the rate of spread of a tunor, the rate of
net ast asi 06§] t unoFIG. é4 &. anéthmaetné eteﬁatroaprhaw:aftthmmnmyo@eod«&iﬁrvm nekh diy, for
exa sure of th te. of romﬂh as well as any neasure of the
ratg% ﬁgiége ‘wﬂgﬂﬁﬁ@gr%gﬁq g Poma cell, or tunor, or nass of a
mal i gnancwom r at eFiof. 15 atasahdnidic nmwriaﬁ)ndﬁheysmnmﬁﬁ codldp agkasmpl 6f by any

nmeasur e of romﬂh Ilcatlon or any asure of tasis .of a

el i gnancyn Py C%%EL,\%?EV ShERTRE PGP AL @fxammééﬁngﬁ@@ﬂ@iedana

mal i gnancyerv@kodnat € of death of a subject suffering froma nmalignancy. One
measure of lethality, anmong many other possible neasures i.s the five year
nortalityl904tle. cOn%lﬁ &0 1vBTHes R GF@?‘PIBéftI%ﬁ‘rﬂPﬁdrﬂf GePlRgIoaE PRABORARISPE Yot h,

Rat e ,8f  RepldnfadehRRy imdiehcl & Dahi byiRIPRGIaEARRGyifEht SystRRQFPIG AAEedi ction
of the relative rate of growh, replication, ‘and/or lethality of a

mal i gnancyBimay be performed by a processor. A prediction may be output to a
user or d ay. j.Ki n Peak
Gone wi ¢l ral iy e R A AL O S S BT

repl i cat i odepsnddndy lep¢ralely saregys emersadpue tank Oéhmsécoocbmt einglpyiag theAystem

machi ne-rg gp Sorage nmedi um may contain executable instructions that,
when execute y’ a processor, cause the processor to provide sufficient
data to a user, a printout, or a display such that the user or a user of
the printout or display may predict the relative rate of growh
replication, or lethality of a malignancy. A process for predicting a
relative rate of growth may conpriseil conparing a Replikin Count of at

| east one first malignancy with a Replikin Count of at |east one second
mal i gnancy; and predicting the first malignancy to have a relative rate of
growh that is faster than the relative rate of growh of the second
mal i gnancy if the Replikin Count of the first malignancy is greater than
the Replikin Count of the second malignancy. [00066] A conputer system nmay
i nclude a processor coupled to a network, and a nenory coupled to a
processor, mherein the nenory contains a plurality of instruction to

Y



met hods of prediction discussed herein. [00067] A user of outputted data
froma processor, storage nedi um machi ne-readabl e nmedium or conputer

syst em mayoizoolugk7any person or any machi ne t hat recor @#sTars2@ak3saes t he
outputted data. A display or printout may include any nmechani sm by which
data is outputted so that any person or any nmachine may record or analyze
the outputted data, including a printed docunent, a visual inpulse, an
aural inpulse, or any other perceivable inpulse, a conputer nonitor, a set
of nunbers, or any other display or printout of data including a digital
recordi ng nmedium [00068] Qutputs of data may include an output of a

predi cti opogd the i@l 361 Yfu @ dodifthfer LARAILCAA PR feBealftpal ity of a
mal i gnancy, a plurality of malignancies, or a ce r plurality of cells of
a mal i gnaseying o gunae oidcpradentlrmperabls serv ovg inydersaal iRe tnklof hq@doertlandr a nunber
or nunber§m§M;$£ﬁE%g%?£g¥Fﬁiqger to determne a Replikin Count, any portion
or conponent of~a c of a nalignancy or of a malignancy identified by a
processor as predicted to have a higher or lower rate of growth or
replication or a higher or lower lethality, including a Replikin peptide
ora Replikin Peak Gene of a malignancy, or any information that will assist
a user in providing a prediction concerning the relative rate of growth,
replication, and/or lethality of a malignancy or that will assist a user in
provi ding any portion or conponent of a cell or a malignancy identified by
a processor as predicted to have a higher or |ower rate of growh or
replication or a higher or lower lethality. [00069] A representation of a
prediction of the relative rate of growh of a malignancy is outputted to a
user or to a display when any information is outputted to a user or display
that provides sufficient information for the user or a machine receiving
the output or display to determ ne or provide a prediction concerning the
relative rate of growh, replication, or lethality of a malignancy, a
plurality of malignancies, a cell of a malignancy, or a plurality of cells
of a malignancy. Sufficient information to provide a prediction includes
but is not limted to a Replikin Count, a prediction, a nunber or synbol or
imge that signifies a prediction, a listing of a cell, malignancy or
synbol of a cell or malignancy that is predicted to have a | ower or higher
rate of growh, replication or lethality, or any other piece of information
or collection of information to provide a user or display sufficient
information to determne or provide a prediction concerning the relative
rate of growh, replication, or lethality of a malignancy, a plurality of
mal i gnancies, a cell of a malignancy, or a plurality of cells of a

mal i gnancy . Predictions May Be Made by Conparing Cells from Cancer Types
that are the Sane or Different in H stology or Oigin, including Unknown
Cancer Types [00070] Malignanci es subject to aspects of the invention may
be of the sane cancer type or of different cancer types where cancer types
may be determ ned by histology, tissue origin, genetic makeup or anonaly,

bi ochem cal makeup or structure, netastatic origin froma primary,
secondary, tertiary (or other) malignancy, by tinme or progression of a

mal i gnancy, by anatom c position of a malignancy, or by any other nethod
known to one of skill in the art now or hereafter whereby the skilled
artisan may differentiate cancer type. Mlignancies may al so be of unknown
type or origin or may be nmetastatic and of known or unknown type or origin.
[ 00071] The nethods of prediction of relative growth, replication, and/or

|l ethality disclosed herein provide a tool for predicting the relative rate
of growth, relative rate of replication, and/or relative lethality of

mal i gnanci es that are of unknown type or of unknown histological origin
and/ or are netastatic using the Replikin Count of any nalignancy whether of
known or unknowncancer type. Many cancers histologically diagnosed in a
primary malignancy are of unknown cancer type such as when a netastasis
that is being exam ned has changed and has becone difficult or inpossible
to type by histol ogical nethods. In such cases, the present nethods of
prediction are of use as an independent nethod of predicting the relative
rate of replication and lethality of unknown and netastatic cancers.

[ 00072] An enbodi ment of the present invention provides a nethod of
predicting the relative rate of growmh of at |east one first malignancy of
an unknown or known type of malignancy conprising: conparing a Replikin
Count of the at |east one first malignancy with a Replikin Count of at

| east one second malignancy of an unknown type or of a different type of



mal i gnancy than the at |east one first malignancy; and predicting the at

| east one first malignancy has a relative rate of growh that is faster

t han t he welatovoaesirate of growm h of the at | east one seecmdscwbiogssafncy i f
the Replikin Count of the at |least one first malignancy is greater than the
Replikin Count of the at |east one second malignancy. A further enbodi nent
of the present invention provides for a determ nation of the Replikin Count
of the at |east one first malignancy and a Replikin Count of the at |east
one second malignancy. The Replikin Count of a nalignancy may be determ ned
in any portion of the genonme or in any expressed protein or protein
fragment of the malignancy. ﬁﬁﬁg@&%ﬁpﬁEgéRippuﬁ@plikin Count of two

mal i gnanci es nay be nade between | e genones of the malignancies, genone
fragnents of the malignancies, or expressed proteins or protein fragnents
of the mall0§Planci eBhe fithennRdpiciikds ppi@oaing, systeimsi andli npgthlda foreélidientlyr  mean

REPL T 0 St SoRluRLAE AL 88 Bl GG B R FAIRAL o fOURGLERLE 1 agment s
of the genone”or co arapt e ex%res ed pr terns or Xpressed protein

f r agnment sexginpld) edegnliantiymyperblde songraatdehst patiallgxiamptsed intahdelRepd lidkiidh Count of
a particul ar express pr.ot.ei n of a. | ikin Peak Gene of ~.a particular
expr essed BIBLEHEDr Heararer pebne Rt v G0 an Bef rd B8 pe

conpar ed. are 06Q didderstbirl byatfairingeo Brasmii7or replication rate or rel ative

lethality_aof a maligna may be determned in any nmalignant cell,

mal i gnant [P Saue. ofS PREHeIToMe 15 Rt g AIREUY PFOR st sIng Ain or ani mal )
suf f er i ngcdnhediRdto ARLMPNAFGtWIHE hitDhiuAGin@s Ik Odoal fiprbd BNaEEN requefts @sd. at e
nalianancy, a breast mali nang%, a urinary. bl adder malignancy, a uterine
corp 9 maft FGHEHIEACCES Bt 8 A TOFe? f%?%mﬁﬁPP&W&W&?@pgnﬁaF%ﬁ“ﬁﬁPF@W&ﬁ&?, an
ovari an ngdpngi angbthefclBal)if@RPANRMt @mphlifs @Fvabs, GRYIdeYPDAs hdreh@eyti c | euken a
mal i gnancy, a multiple el oma mal i gnancy, a gastricnalignancy, a non-snal
cel | | ungPkoses il ennaeipd GribmeamputngharnpikaSich werveramay il irlude sposislizask her
kind of nalhamaRaWices QHREHaafMtvdRe Rk ofRMNHath BoquRBioN icHgheie! | S may be
conpared. Over a mean Replikin Count, Replikin Counts of different sections
of the gemorlodiscrivearrayst anshqslcs deders gpomenlygssoeiafsd otdidatafcertgivtent s of

i ndi yi:dua | 1s ' e gﬁﬁg f1ki n Count s
deteﬁginegm§%0n1an%?ﬁggP%?gpg?&%%v¥%ﬁyg%§§§3g%?%%ﬁ' |ﬂ?§$§%¥§on provi di ng
sequences funftianing wighvohegod teaqpentesal sthtup phangidiasend compgerts Sedisgl ot ei n

f ragment S%&&nﬁan”%lde‘g&fa&ﬁ%& o@hraﬂi%'sérg&a%'faﬁssa JRY RSt i Q{Bél%gﬁweﬁﬁgh | nformation
may i ncl ude sequencing o e genone of a mall gnancy, ¢ sequenci ng of a
mal i gnancfuncsminggngi, pgwotd oRMAswotd, aomekied mammywank oadigcanhbeed financthei ¢ aci d
sequence of a.nall ncy. . Such information al so include sequenci ng of
oxpr essed Y rereP ek R MDY e e Sl u PR M GRS "Such

i nf or20at i @hichegrvérs b pemeralyalsed)evithoutstgard © anpenti@ial amupsfomiadjacat nucl ei ¢
acid or am no, acid sequences of a malignancy or mal.ignancies including
research %eé,(e-%uﬁﬁﬂ"feéﬂﬁleod UPYhE %‘?“nacé‘icgtBé Setyorker ¢y B?Cﬁd@%@ﬁce

i nf or mat | pAwsHke fhs@Bedt ik @aeadkaitnén@led WOM RERITE Gng Miitthe usddly fop tR@urpoir ce of
sequence information. [00075] In conparinp Repl i ki n Counts betmeﬁn

i ndi vi duaf®r & rqhsselaFrsarer&P?r@‘iVawegw- StPCeEPy SURPRIUNTlY BRSNS FRYTYHAREI es or
celI's fromagedRed (B YhehRd) AL 6Y meRG B §dradt, Guthlk&d fdk@mahhe sane

mal i gnancy or unknown cancer cells in a patient suffering froma primary
mal i éﬁancylfle%?nfl@ﬁb’iok‘?rhblﬁﬁwﬂr epagyellydunctigpaiserdlptsi ok vhetbeiaadigrerd sgYdral ity of
cell's of gydimld GRafeibled mean Replikin Count of a plurality of cells of
different malignancies, a nean Replikin Count of a plurality of cells from
a pri mar y[0983) gnantyusAderiss te tamediqwf cetlantraky bheamopfficentlyAthown cancer
cells fro [P f.feri.ng fir l-Lgn epl i ki nt 4y al so
A e S i U K T

mal i gnancptbsr diicspakaddr alvcumicruthphaengs desig@rigfonifiscar dijrrantynus kg teliablp t he art

woul d,,und : . re.. | ikl n: . . Ndj Vi cells to
the ndan FEor Pl Qb= VRRLP e ol Belof Wb WAL P o0 1 s

bet ween dilicketrie htjuid coelpitnggdudihg pitbewlimtaes eietalde b, miheralanl (ethoodsarent of a
predictive nethod of the invention, a nmean Replikin Count of a plurality of
mal i gnancies or a plurality of cellsipf a malignancy may be conpared to a
Repli kin Count of single cell of a nmalignancy or a nean Replikin Count of a
plurality of cells of various malignancies (including, for exanple,

net astases of a primary malignancy) or the sanme nmalignancy nmay be conpared
to a nean Replikin Count ofa plurality of cells of various nalignancies

(i ncluding, for exanple, netastases of a prinmary malignancy) or the sane
mal i gnancy.



[00076] A plurality of nmalignancies may represent a survey of malignancies
of a particular type of cancer. A plurality may al so represent a survey of
mal i gnancwe=onfoiggiknown types of cancer. A plurality napcalzseom@piesent a
survey of malignancies of all types of cancer. Such surveys provide
basel i ne data for Replikin Counts and standard deviations from Replikin
Count s anong nal i gnanci es of known, unknown, and all types of cancer. The
Replikin Counts with standard devi ati ons may then be conpared to a Replikin
Count froma specific malignancy. If the Replikin Count of a specific

mal i gnancy is greater or |less than that of a survey of cancers of the sane
type, the f her or | ower
rate of g%omﬂQkn%%#@%%#9ﬂﬁ@f¥¥g@?g%8d%h@?b&%ﬁﬁ f&ﬁng 5§gtfgely, t han t he
mean, medflanmalle, nonttexic byed wik dickciss sw¢ng@r@twmtbarr eplepdiaasicomparblees hal ity of
the type gf cancer. Likewise if the Replikin Count of a specific malignancy
is greater or less than that of a survey of cancers of unknown type, and

t he speC|ﬁmd4naIigAamwﬁhhemoﬁhmﬁawwnemﬂwnkﬁqmnotyg@,MMhemﬂmgémﬁP

mal i gnanc may be red d to

of r opi cHelBh eRSp AR b Rl P BePrb b Rectian PNk Qo FLGH oy
medi an rahceanpaf 11cgmcb¢/dotnm rsephbseatﬂ maumWerh@mﬂmbmﬂgwms bilia cUdj‘lhtgd]md inyyaes of
cancer. Furthe if the in Count of a.specific nall is greater
or"Tass 1 HahtiEkdire or hod-girowsy R ptone oy R R a s oNETERaL: £
nal|gnancMmﬂ&wnmgraﬁgdmﬁted to have a higher or lower rate of growth, rate

replication, or |l ethality, respective t han .t medi an, or ot her
average rgpég of m“r@ﬁWPEﬁﬁ?ﬁ%&ﬁP@P Fh&@#ﬁﬁs P“ﬁpfmfyﬁgfoﬂp'cancer

i ncl uded {Rdbhe dﬁturcé’rﬁé’r diti@QU0K fthe ﬁovﬁdﬂﬁlyeﬂ)byﬁ@é/sef\@f)raﬁ&@@tméiﬁﬁréoﬂ@iefg@c'[ ed from
any nunber of malignancies fromone to as many nalignanci es as may be

i ncl uded FHCEAY data set of survey. A survey nmay col | ect data on Replikin
Count as ggser m nedop ﬂleeﬁMh@qroEffeenpéfp%MﬁE@n@ragg oﬁﬁ‘éak Rl ePro Wk gnancy
or any portion of the expressed proteins and protein fragments of the cells
of a mal i BisdnEgr instance, ar (k) obklwedd meen thatali0aWetis ofhead astregemdtuning
repllcatlggiqgwgdpal|gnancy rate of expansion of volume or other neasure
of size of a tunmor of a malignancy, rate of increase in nass of a tunor of
a mallisgnalf®y7] | et hECCtgeans “vaperebingreaneycyicled| thelihagnal proeess oodecatimasty per cent
nortality ime of a malignancy. A survey may |ikew se collect
any data ﬁ% g?ﬁ%%%%mﬁggP%r hereafter byone of skill in the art to reflect
on RepllkUWS@equenbﬁsopﬂdteﬁmemnrﬂhmakﬁgmawmymamﬂy@wnmwwe@ﬂmg gr ow h,
replicati nd/ ar | it nanc 07 e _aspect of a
survey pr SumeB R SouFHETy bl Dot TR sl R A8 e

i ndi vi duahlsdfmded@ﬁamcg«ppdman& lpkfeldmdvm}eddfatmalmr@mnnlltes comybubiag cothjsgoed t o0
predict the r owmt p nancy or
b oulor - Her e S BB e Mecfive0l oot Bl s SR AR or '
tissue |ncmhmpﬁmagﬂapbf&mﬂuﬁ@uwhC@Q@gﬁ plurality of Repllkln Cbunts) has
been deternm ned na e conpared t he relative rate of re ion of the
coll or t105de. Adht getﬁﬁed‘é?’"@%%as @phbﬂe aaﬁl?%yeat EP§rauiRgs) fea NHEr t, the
relative fh@thagheﬂ‘ te@b&wuke B td ME 1dvRk-Adnhpeftira b&dyO fFof @ pivee ahboPf a
nallgnanc§ nay al so be correlated with the relative lethality of a

mal i gnancifansfered 8eptsuctuheabiiaioter ivdere el ibiseigo dhegpsqsidicBeRY FELBRS t he
present i RyRMLGNINREL O\ 4% a PRLRQYaaIR) ) AR both kddsh PiurdlelEhigh&Hi0g t he
relative rate of growth of a malignancy, the relative raté of replication
of a mali W&dto@lhe'cttwénafelpaqqewcpe"flh&%lwerderm@rm% gMath@@s SEOD8EY 1n a
fur ther eqbaRhIRRdisddled for bitoiollR) bEMAP ¥ TBkrdfie BloBE R AITRLEGRAREY and
the relative rate 5? gr owt wﬁ&y(ﬂp ?ﬁ&%§§§¥e %?erep cat’i on, /or the
relative treltst?mﬂmglyabﬂromﬁeCpmpmss atmﬁrsgmfmlytuures(ecgor&b@néd?% fli)masnylesal d second
mal i gnanc r i t primary
nalignancgm%%%gﬂﬂa%’g@%nggﬂgfg tmn Eu%(ég %g%ggggﬁﬁgﬁcg@%ﬁggj%m In a
furt Ber eﬁmedﬂmﬂﬂtmnﬁﬁeHMManmnyHMHbD@ﬁamsymandbmhéoﬁﬂ®a§ud1mnlmamkgnancy
(or two nanci es be co nQt her mal i gnancy
or plur alrrlF §hefaheatcgenerah IR Onf%ﬁ%@% A ?‘%gtareq aCO %Pt € % he rel ative
repllcatlon rate or relatlve | ethal ity of a nallgnancy may predlct t he
relative replication rate or relative lethality of any nmalignancy or group
of malignancies of a certain cancer type or any malignancy or group of

mal i gnanci es of an unknown type so |long as the individuals of the group of
mal i gnanci es share simlar, or otherw se aggregatable or segregatable
Repli kin concentrations in their genone, in a segnent of their

rate



genone, in a protein or proteins, or in a fragnent or fragnents of a
protein or a plurality of their proteins. A nethod of predicting my be
appl i ed twoaotdnezard mal i gnancy, a prostate malignancy, paThiSe@9053305

mal i gnancy, a urinary bl adder malignancy, a uterine corpus nalignancy, a
uterine cervix malignancy, a colon malignancy, an ovarian malignancy, a

mal i gnancy of the oral cavity, a |ynphocytic | eukem a nalignancy, a
mul ti pl e nyel oma mal i gnancy, a gastric malignancy, anon-snmall cell |ung
carci noma malignancy, a glioblastoma malignancy, or any human or ani nal

mal i gnancy wherein the Replikin Count of the malignancy is knowmn or may be
known or Iy d i i : i ki.n Counts in
Repli kin Pe ﬁ g%ﬁ%%%%kggP%?mgékgﬁégggégﬁg%q%$mg§g&%hﬁgﬂ?eé@ﬁgﬁﬁ%e Lethality
[ 00082] Reqshniokims efdheiant termpéramrd tn agogtaitiatmndney tommpyrabee et et med i n t he
Repl i ki n i.geancy. The Replikin Peak Gene of a malignancy
is the segﬁgg?&§$&gﬁég%%ﬂ%%6gr§?ein, or protein fragnent of a malignancy

t hat has H0R0Ighest Tlioonabkatsr atticon aofl agrratisniiolesed onn ke rdvaptagdofamd/ or

over | appi Repl i ki n .sequences as, CO red.tao ot her. s nts of the genone
of “t na” ha P ReRRat s P B S oA SR bl Bt SRS TR o ei n 1 Sgment s
of the matimpraaay,.as fOAREGBpliddhe focaxamalel indepchdenRe ppdrdilseCaundf tiof type f i r St

mal i gnancy to the Replikin upt .af a second | i gnanc the Repl.i ki n Count
o L IR Dok et et Porf e St irp ey Foie B0 BE et e BEPHL { he
Repl i ki n &é@usttopafatit Reql tdotdd biPealkcitoe Blectatitt dvasmetamctcodhhd gitgiRey. The

Repl i ki n Gene_may be a genone se nt, a protein, or a protein
fragnent:ﬁ$ﬁﬁ ReplPﬁP%eéﬁﬁﬁﬁgé?ﬁggﬁp ggﬁﬁﬁFW§H§ﬁﬁV”WH§dgﬁﬁﬁwgb conpared to
a pl unal i trysuftfngMRIwENRRGESIBIIRY) allGwafoTBE tOe reMBhade 1Rbthbn@nd3amhdniki N Count
of a pIuraI|%% of malignancies. The Replikin Count of a first malignancy
may al so BE reURpHPBECTEEreAliirencas fofyecofor plegri oMoy e hcdvet Bges or met hods
of aggr egakyiRPdh. SLAN FURL diQMsed crhbli R, 'tﬂé'c@rr&%b‘ﬁﬁing)éooﬁn%)é}%[eal ity of

mal i gnanci es. [00084] A prediction of the relative rate of ‘grow h,

repl i cati efficicaty ¢fgharpeplingsystemangiedsesgh ap@parpdip coavapterab cammerally processor.
A predi ct QN BRY.d%6 ut to a user or display. Likew se, a particular
Repl i ki n pep?ﬂgé)orggg%%ikin Peak Gene within a malignancy that is
predildted to have a higher rate of growth, replication or lethality may be
output to a user or display. [Oogﬁﬁkxﬁgﬁenbodinent of a predictive nmethod
of the present invention provides a nmethod of predicting the relative rate
of growt h[0062] at i vVEIG: &AendF1G.d Bl depint dltymating exchplaredyateingd00 etd¥@0i ty of a
first mal] - ' or._as. ared to a

ol Ur i § 1y BBt PR b b R B AR o B R T 2

Repl i ki n seguéng esctionictdompgemensich aficaa beraotuegded jn @re dr mog et sicks, faragnent  of
a firgt malignanc 2). identifying,so or . all Replikin sequences in the
Genorl, 1 Rt B Ygayt et P SRR M B R o BB SRR Gnancy or
i n the gedifforncd etwecphedteemratg (omdisipptind) ebmpdrcag arhi c@ling achiuof (alo
plurality aof qther .maljgnangies, et.erm.nin Repl i ki n, Count of the
Pegment - oiTiied ooie: "pEper ShotElonletty b % f fe SoBrorbagient of ¢ ho
first mal mghandye 4 balanhRsptRtird{e@ Qs hvaanRaaid Mlid tedipedtur©nhn deusbly
non-interrupted and/ or overl appi ng Replikin sequences when co red to

ot her segREH tﬁﬁpﬁrﬁéfegéﬁaﬁég P%OBY%‘itlﬂ%%l CRRIING RS HBPE T YA GBI he 11 st
mal i gancyooldrfHenelafirddnirfiic@thRpplvbkdons e T6r Rblitd1irsREe Rt hedt chhige genome,
of the protein, or of the protein fragnent of the second malignancy or of
each of t meregrasdilyIreiesiedfom e haigh-ramnestEp craoknt ke epyogpent dhgd fiPRe hi ghest
concent r atjL@Re@perHRMAL LAYIAHS non-interrupted and/ or overl apping Replikin

sequences when conpared to other segnents of the genone, proteins, or
protein f8§Hent s thBlusteasesriae gabpdimant©f coming pysécae HOPr ¢dobingh tackl ity of

ot her mal | j j b V4 ' j: a hi gher
Repl i ki n %%gﬁﬁgéﬁiwyéﬁ%ﬂggggﬁk'Rggﬁaﬁgﬁégbgﬁhg aﬁhgggﬁﬁ%%ﬂﬁﬁgé%?ﬂg%lity of
ot her30mal iliglsetric ligsid ceglent (189 whickdipbiraliy of svevers K2§tmaydiciigmaned Moutimge a

rel ativel [ f.repli ' r.a. oy . lity
than the DeRbASSrfiPlbetackBRl A MRPu o Bl T pREEF LB LS,

Met hods of Conparing Relative Lethaligsy of Cancer Cells, Tissues, or Types
[ 00086] An enbodi ment of predictive nmethods of the present invention

provi des a nethod of predicting the relative replication and/or relative
lethality of a first type of malignancy conprising (1) analyzing publicly
avai l abl e nucl eotide or am no acid sequences of at least a first type and a
second type of malignancy published at www. pubmed.com (2) determ ning the
Repli kin Count for each accession nunber with a nucl eotide or am no acid
sequence i sol ated



fromthe first and at | east the second type of malignancy, (3) determ ning
the nmean Replikin Count for all data for the first type and at |east the
second t ywe 2fo/aredirgnancy in a given year for which accessiuseomwosizes s are
avai l abl e, (4) selecting at | east one year in which the mean Replikin Count
for the first malignancy is notably higher, preferably statistically

hi gher, than other years, (5) selecting at |east one year in which the nean
Replikin Count for at |east the second malignancy is notably higher,
preferably statistically higher, than other years, (6) identifying the
Repli kin Peak Gene of each published sequence in the selected year or years
for the fLaghidRld ANRARKAPE hARILLE K008 hORuRRRIdkiPeafaGaag af each
publ i shed sequence 1 n the sel ect ed year or Yyear or the second nalignancy,
(7) det er sarvarnigto thetask h ik Stehat fanin 1 K¥ mRelpive ki pposaguerasesss foorackealcthe i dent i fi ed
Replikin - ectil ' S : e

r epr esent %?%Se Llﬂg%delé?g eFEg(g{'i il%ag%o%ntorp%fggﬁ%ﬁ?isqlg%n} g%gh%@ﬁlathg for at

| east t hediskectondiqmd cogaahaspifmredtly 8)olipg edthatspeayivt bavdriwhst theadnkgrifmcy t o
have hi [. h.rat.e..replication.rateand/ or greater lethality than at
east St he WM Pr Bl SRR B LR R R wih e of 't he
first mal cgndaely suilinggeibtigin theadieldche IhjughestantRepl i ki n Count of at | east the

second malj.gnancy or predicti t first i gnancy to have a.l.ower growth
oo apl ooy P BluiiabhpRalsd By biendhedy 20 ADA Shar Bk FrEnudion

mal : gnanCyoHipfedtﬂEBu@@uﬁﬂﬂ@pipﬁlgl@hﬁﬁds t(RE?lllﬂl}Kﬂ&?), @thwlntpumbs ﬂaﬁaeaftécrlsquémal i gnancy
is lower than the highest Replikin Count t |least the secon i gnancy.
In a furt ané%(&@?ﬁ@wgfe R ?frlgﬁfaaerampt@&faﬁmﬂﬁ?cateﬁ@e*fti% n%?ﬁg?it | east
secon@ MahdsGHAREWRIBa hat-2ejédtvRYERoliNDEidpatatds Y 50.at 1 dilthB0R4] cxbhMuEE 40
illustrates a quantitative relationship between the concentration of

Repl i ki n fresstiterelcat fiom e ipgagiinghaiicpdigridcaptantand flndivsoneiat thp Feste wid

associ at eghoink hlr&fgﬁg@émﬁqiuh@n&for%Mgfe]r?@%cl@igm&mhym—m TRk 19RanGi es and
five-year nortality rates of the different comon human nali gnanci es.

Repl i ki n oytien ofitheligd eqokinheemifleters flwé ciigudtibrongiRdp berkirn 1 o dhe thident i fi ed in
a Repl i ki fyPpak, PaN R lx GNP NS SnSHHcK 9% AW BB R B
initially sé?ep?% For ¥ u%éﬁer ’arrlla%s?rg f) t hose yea(seJ?n V\ﬁch “the nean
Repl iR n Botadtlguidesoelantibrohglythe beat cxohanger bl minothen esmtestivelysed hose sequences
having th ' Repl LKl - il S ces. The
five-year %Fﬁlgll?at%gﬁﬁ%a&%?eg?%s aJr0 éﬂgsld p%g@% t1 ngBI’B% d rcgh(%g}?e',réu?—%?{e?t%@%}gé?{éér m
survival reates ocobercéinieky ugpadhd eetsd hait lepeadingyn thadiféeneht efvitohme®@t h cent ury:
a period & rﬁ%'t'o%é a%rid'/'or-srgrgerl‘agr%gﬁ co%ggiogs%tw%?c X é:L s2 stezolgg b"ecg‘ 131-1 135. The
| owest Rep(fl I'n” concentrati onsg are seen in Hyrym eAncer (15 Replikin
sequences[0f65] 100 BEim systedadiodl snclvdeth ¢ampmred sdmatodercla @€ con(v2ftiorelplekikn n

sequences r. am no acj.ds) and the |owest five-year rtality rates are
seen 0+ KR SrtORaReE PO Sah o ke s b e S e S e TS o B SRSt Rapl i ki
concent r ainvefBn TR eesllck m8m@§a>sﬁaéglbe ﬁ&ﬂi}or ki%ilibgs @faraﬁib]ﬁsmparaﬁa@?pf@mbtbﬂsi n

sequences _per 100 am no aci.ds nd in i obl astoma (324 Repli ki n sequences
per 100 aFFP‘ﬁHa%‘&‘isﬁgﬁnp%‘}?Btstoﬁg”l‘fP@H’éﬁ’St?"%\}gQ9‘&9‘& ewmrpémt i BRRgesFE seen i n

non- smal | c&@bl siganGo caftil DaRs EQRIGheRNOf B LIMh SR (0hin ti ItHRAt i tati ve
progressign . is seen.in relative lethality of each cancer type as conpared

to the anhiydecrlanépriting the egygit inghe @hle acRprAag clexprd eS| e tat a f or

gast risC C@FfGEntlytobi ALY 6f the SBMBNGRilALRICH gTh OB afiBUnk 8f dnbdymaERdtdhan woul d
be expected from Replikin Count al one as conpared to other nalignancies.

Thi s hi gheto HignervessRegticatirlrohe egntiollerr 130 anorigrs B tefeergtrepf fhsiadidwi de

recogni ze I f . ect | jn.; i i Lse.qt he data
For uri nary bl Adane @ onr RERiATRE bRl IGRE K] u OE ERLre ke RN Bomid, %

| ower nor ¢izduitieyity the plutdhisnofiwotybrd. bhe eonprelderd d0 map plsRephitii the ©ooeratued dne
asconpare ( . i i -I-han- Kty rate
for wuri naﬁlgﬁlgﬁt%ggegétm%g&gg[ﬁggéelﬁ 08 erﬁ?ﬁ-tirlgéégg\éeﬁslt 151 Zl% Sgglgf%&%g)ty erg%‘[cl{r%%h)l5 n bl adder
cance. Thankaing thetdoamellex p&itodit dragnbstici quyput apmls generbied &g torvamoenl may

simil arl yralgg—mdlﬂreltaélg afl:r%:rg.e Se%%n%&ﬁe?%?t'y 8, ];n%lﬁit(?rrt ?a (%W gﬁrﬁgﬁ{elecﬁ\ﬁ@lﬁ?&idr esults in
relativel y earliler etection. reast- cancer nortallty rate has ‘been

decreasi ng as screening has increasetsover the past decades. [00089] The
data in Table 1 below reflect the data in Figure 1 and denonstrate a
gquantitative relationship between Replikin Count in the Replikin Peak Gene
of the genonme of comon types of human cancer and five-year nortality in
that cancer as reported in Brenner, H, "Long-termsurvival rates of cancer
patients achi eved by the end of the 20th century: a period analysis," The
Lancet, 360 (COctober 12, 2002), 1131-1 135. The di scovery of the relation
of Replikin sequences to rapid replication as reflected in Table 1 offers a



provi des neans to inhibit rapid replication and resulting lethality in
cancers in animls and hunmans. Table 1 [00090] Overall, the data in Table 1
and Fi gurwo2oprvaaviide an illustration of a quantitative Preratscansbisps bet ween
Repl i kin concentration in a given type of cancer and lethality in that type
of cancer as conpared to the Replikin concentration and lethality in other
types of cancer. The data in Figure 1 also provide further support for a
general association between Replikin concentration and lethality within a
particul ar type of cancer (such as, for exanple, |lung cancer) as described
in US. Patent Appln. Ser. No. 12/010,027, filed January 18, 2008. [00091]

The assoc | i L.Si skill in
(he art Do T B B B ¥ anci es. 1
quanti t at i edng hegIreieation pocanbian alfn_ameusylé_@uto st i iffoy @ﬁhesllmlfdemekast of the

el | 9nanches, S YEMAAGHIN ahi e TRLLARRREIES LAY Ld. b8 EXRERLERidA Ve notable
di fferences I’n di sease progression and even ug rta |t§ out cones are
si gni fi canddliyg dependeiid fupofiicirnily cplieg vahirabtaise karedrvdiiln gaintanengfhedet ect i on
and effic parate. treatnents ed_ significant

't 1 erenchetselop bR bR S TE R B PRV AL Grbr R FRLET n Bl e

popul at i omesyrooﬁymi:dbaystﬁeemszrco{plLeadceﬁthQM@)fs mtﬂlmeseﬂepiaclkl n concentration in
t hese different i gnanci es, e a i can 2 bl e t hat
quant i tat (DB ¢ of BEou st S e ERoRBREAE o7 B SMiolind Btertlth B8 antar o
Devi at i oncddtiag WiRE gﬁhhaﬂ@ﬁddnﬂy Blpérﬁolié)ierﬁrﬂ}l\ﬂme 5{3@@@192]@)1) n\l&hﬁial s atdEE)a[hnRED: i kin
Count is determned within a ural |ty cells. of _a mall nc ar ger
standard dl5° ’tafnél?'gar]ﬂﬂ“t‘cﬂ@dﬁg C%%H’é‘ﬂ” FB@PLH%{{W PR 13825643 0"7‘3 changi ng

Wit hitg t hganRlim@RABE YMolBSend@ibaRGE e Wskihdd heRaffed drOPARYePRItIth tHeO an
increase in the relative rate of growth by denonstrating that certain cells

wi t hi n t hidtsrer veJuan el the pk 250 ?@1%% fapdpyrehiaresiverad oynt theplradistdfon and wil |
be expect g, d01J0NG %‘?@&%f%&@er@iﬁ% @b tank 21® sqéh Q{aﬁ}é\@ib Ry 178 aBhdnABAREY -

[00093] An enbodi ment of a predictive nmethod of the present invention

provi des %Cﬁ%tt%%h@f thg serei¢re pionefed Wehe wrlat Atlgast apertion okgaghdivesfl2Qismal i gnancy
conpri si n I Count

of a pl ur ?e of cen#tpgd%?agégllaﬁ@g? Bﬂ% ?%ﬁgﬁig%?tlg%otllngeﬁg failm(:)%&gée}l | s of a
met astbat i Whﬂ'aﬂh? kALY isontligiepthufud|of the lofideetlast Rriferabinl daginelithé eevefy om a

patl ent SHdpBRutd ST Aublol Bl SRR Rliche RUEOIRLARLT On Of c&l 1S of
a primry st mal | gnanc n astatlc i ncy or a plurality of
nmet ast at i HOAE] i gnaﬁcmleshmootlh@sy&iemsltoorﬂwlateg Id&:ftﬁcmc lmlnnil cdelkerdveniatlowvhat t he
standarddV|a| t f the S Iatlvely | ar ger
than the St ld%Iar 2&/9an|8t8a233g1@ff deCIrr%gn (?Q fttfll ?Vﬁﬁ ﬁ?\e;étmshqu{t% Pcel%%ttl one

ot her mal cgmaetely imerngll tolrieltartky? 10 Arthérmghmupin@devﬁe 28(@ratdrad adleati ati on nay be
conp red bet ween. rrall e f the s t or.of different types or of
ot aePase SRR i BB T Mok SR RN RE e Shral b hEAE ot BE: ween

di f f er ent atpédst £pdrSoBefitheElidategd dfenesamcnﬁlhidglaalaﬁtmowﬁe;@tﬁ@nﬂegeavmdvast| on may al so

be conpared b tvve n a maljgnancy, a plurality. of nmpalignancgies,

pl ural i t y®6ug él}elt ergipl coupliys % ’&F\2§p t(goohjqﬁ]edl Fﬁi]é“rl‘t‘r}ji 5?’%1%Hle§9ul%{ln§urvey of
mal i gnancu@sceqfso biCatIRE SRS ofaqaeﬁt!oBfeardeJIHctrtc)elaelantwﬂkm@eépmtty@ﬁterm all types
of malignancy, [00094] The standard deviation may be considered relatively

large i f flwd cueHAtaclHBiaugk fSHeMFSm t he nean Replikin Count is 50% or nore
of the e A3 110 % OThd®EBm 200 tdaﬁldegemcm{a@r@ﬁaat BRER N cbdMR g ARty Or Nore
of the mean, 10% or nore of the nean, 5% or nore of the nmean, 2% or nore of
the mean, hawagsr conbipeilyf, supleasreasn or IusbAleyingsr RIpIBE OF Fess femping @ﬁecawi/

di T er enceyfiLaayt A RN HOYSkRI PPChda s B0 HcReVarblldcdadgn the art to
dem)nstratle1 tﬁat1 t he popu at‘?c(r())n %cb%rgLe car?cer aE:e?*g scai n

Replikin @emtﬂlzeomwlyble@neddeateaxnhame@ (et shewo tizan e ety lwet:{wmthue&wlmg of
Replikin Pelol! [ Counts within the
popul at i Oﬁgﬁ%@%%%th}nggml&h%‘agmerdggaug@aﬁot% Eea&g)géthg@op grow h, rate of
repl i30at i B¥p9lor | eTltwhehttryjectbd frbm tialmeted ceding floaho ket seomd ﬂuﬁﬂ@@b'l]t In an
enbodi nen N Sou b th standard deviation resent a
p| ar al | ty%h(’g(fughrﬁf %t eth)han Fsocm V\%ht § SegQn ’& nglcioohngnagl}aratxs é‘&i l¥’il %Q %oun t
with standard deviation nay al so repnasent a plurality of d| fferent
netastatic cells of the first malignancy, a plurality of non-netastatic
cells of the first malignancy, or a plurality of malignant cells of unknown
type froma patient suffering fromthe first malignancy (or any conbination
thereof). The Replikin



Count of a single cell or a plurality of cells may be conpared with a
Replikin Count of a single cell or a plurality of cells. A cell or

pl uralitywof2maliba7may be predicted to have a greater race/uskoognsssh, a
greater rate of replication, or a greater lethality than another cell or
plurality of cells if the Replikin Count of said cell or malignancy is
greater than the nean Replikin Count of the other cell or plurality of
cells plus the standard deviation of the nean. [00096] A plurality of cells
may al so be predicted to have a greater increase in rate of growh, a
greater increase in rate of replication, or a greater increase in lethality
t han anot . - L . jat | t he nean

Repl i ki n %‘%Rf&g? gétlh%é(dﬁf%?a%df ?/r %e%eité‘"le}ﬁ@k?‘g Elgdélggg%t? gﬁﬁ{e Ie standard

devi at i onewfronmentphsandiRens lapdpinseCoupperaigchaditgimh ér which thalsystgm efsubjedt! s.
[00097] MaigoRep! 1 kid\, Qanios inth il SEARSIAL o ASHEAID QT REnflgt €r m ned wi th
a relatively small or-l'arge nunber of cells i1solated froma malignancy, my
be det er mippéidatfonosnfavarefoatnplahgntisgrleimetirods af the presamb e erofoncBiel confralzk at ed
froma pl ity of mal.jgnanci of the sane or sim.artype, or my be
deter i nedtPEHESSTan BT 10 SEp S o PF P T REABEr SR RLL P sl r om a
pl ur al i t yotrthe cahiag kysteyp2®). anfRezl enkirennfsatmidanay geherste atuttanl digadyvioabntosi may be
establ i shed. fromcells isolated from nmalignancies of .the sanme.or simlar

i st ol ogi C1oU GRBETFHS of B Sl 17T ST ERLE R5Piod P et ) RHES LS of

di f f er ent sdivesd @ltRgiagiad 10ty peSecific etevpledl toddpetayir®fn P&dr it@NifScierdlylRasielating cont r ol

for Replikin Count_and for standard devi ati on may represent Replikin Counts
froma brﬁlﬁalww glrersh ‘ﬂflleﬁﬁqa“F’@‘ﬁélﬁéPtékaf?‘?“Bh?fa?n ey 3R 1 C@S{tﬁ‘éﬁe%q‘rs'pati ents

in apart patbadrlyt HReosttolATERHoMIors the RhpeiadiRESE tRY li@NERNant DUERaGORL I Ol S
provi de the ordi gﬁ{j% skilled artisan with baseline nunbers for Replikin
g

Counts anlPc¥ioany gﬁrg%liﬂ@}flscilicwt,@rpﬂxawp}q, Wﬁf@hﬁ%‘iﬁ%‘}‘%m@“ﬁﬁﬁ gnanci es
are one NMekRAYeQimMBEQM il iRGaSl Cihe COREJIRY S80 ffyeMothddi@r B RAGREANRS oPf

Mal i gnanci es [ 00098] One aspect of the present invention provides nethods
of predi cthichgaterprasyisirstrofic prmpagah i thesangrniy the Rt faRksPyGhgHicalkpansi on
Indgax. Inc ?@ctﬁ%%@oﬂ@&fer R)fthé H'i'ag%o@ﬁcp ut@if a{lpgerﬂeﬁ\/eg% 1BV enfiShafriBRNST ON of a
mal i gnancy (of Known or unknown type) ‘or of a-metastasis of a m i gnancy
(of KrAownmennteinkseovens. t Theepniralepmerklse mdniby teifjovdetddempanithig o& thesaelinRepl i ki n
Count a”dﬂﬁidﬁﬁ @@%%%a hé‘ﬁéuﬂ%@? B%ehpﬁor{%@iﬁ‘inﬁﬁ%{i&{,ﬂl %Ht%ll% o fap! Ural ity
of cells of a first malignancy for a first tine perlocfln a tirst -anatomc
region, (@tpdetgealriathepeaardRepbn ki qeolBmrpparafus 480 foedtt thnBowaf thgnaringcel |
(whet h.er Rédid B deeh ete%?etrr%tl bt cHeuit! inérh?é"ﬂ?lo Inp oft tﬂee hebcl9 lgié{n Orfe'et thg b? ﬁ{[elh%aﬂt
suffering from Sa'd na i gnancy at’ a second time peri otF ahdlor’ in 'a second
anat om c reggti@anomaooliiest appamtas A far Refitibkiyrcoingdach res@@tctiveeaster whide mal | gnant
cell (whet her .pri , tastatic, .or unknown) .in. the bod f di fferent
ot 1 0t Pl TE e LR R Rl P RS R o) 5 Bl Ban expanot on
of the nafehﬁan@m@gn bﬂl?p@@@omdmkﬂ fagsugfeﬁén?gl cﬂd]@g@;offiﬂfb sbherss&gzénaﬁbg?at ﬁm c
regi on or t second nalignancy in body of tfF i rent patient if the
Repl i ki n BEGHKE¢ CReralye P adariegiue ﬁlﬁv%@%bhm@@{ fhatt the NN GECUREEHE t i e
period angfolf teRp&REGRTHr RARO BAEClofvBGhAth® makiRRinAerhRisle @R raEkiogmant cel |
fromthe body of a different patient is greater than one standard deviation
of the neBRSIGFNSiE hF(é;SFli'eR"lth tyﬁ?nl‘b?orl_ﬂl’r?éefﬁI“b‘rhﬁﬁ‘?rt"ifs-of cells fromthe first
timegerig@7in theafplsibudNad:embcg, 4 &BhRRr cbRARASS ula Bt befrgbodi ment  of
t he aspect of the invention, an expansi on of a,mall,glnancy (of known or
unknown t §snonets eff thecoplipg ststest i nfintain fg qyingrisjectristlieisinnlat  unknown type)
IS pr e,d' C%e?‘&er%ﬁriét)anqgéeﬁ{aﬂi'e@le@ﬂedﬂte &t .B!y'nll(a'i aigﬂgme R} n%c ;la%pgaahd

devi ati on omthe nmean Replikin Count for a pluralfity o ells of a first

mal i gnancylemteddeysil, thatootiyg pftefn mayt bermmbd whlamonmker fYlifidesneteetingiuagfoa Repl i ki n

Count of . - OF i t I . tastatic,
unllizovmo) %\néﬁg&%gg@%ﬁ@ iééagt}t'a%n ’ehﬁgteré%ﬁl\te\%)?%gﬁeg%%ﬁ%ég%tn ’%;I iagln;nc;c/),r and

(3) pedi cfiigegptian). expansi on of the second nmalignancy if the Replikin Count
of the at |east one malignant cell fromthe second malignancy is greater

t han one standard deviation of the nmean of the Replikin Count of the
plurality of cells of the first malighancy or the plurality of first

mal i gnanci es. [000100] In the above-descri bed nethods, at |east one cell of
the malignancy froma second tine period and/or second anatom c region or
froma second malignancy may be a plurality of cells fromthe second tine
peri od and/or second anatom c region or fromthe second malignancy. In this
case, the Replikin Count of each cell of the plurality of cells fromthe
second time period and/ or second anatomi c region or fromthe second

mal i gnancy i s conpared separately to one standard devi ati on of the nean of

- ~—~ - B o N -



period in the first anatomc region or fromthe first malignancy. [000101]
An expansion of the nmalignancy isolated in the second tine period and/or
second amabDaniow1pE@i on or in the second nmalighancy nmay &CIasbeopssdscted if
t he nunber of Replikin Counts of a plurality of cells fromthe second
period and/ or second anatom c region or second malignancy that is greater
than the nmean Replikin Count of the first malignancy plus one standard
deviation of the nmean is greater than the nunber of Replikin Counts of said
plurality of cells fromthe second period and/or second anatom c region or
second malignancy that is [ess than the nmean Replikin Count of the first

mal | gnancygmnus ofikofk BRHRTMACHE U AteR Wik e teﬁlfg)%ﬁtur& Qﬂﬁé%lanfnn%at o ¢
region of a nallgnancy or ce ghancy region of a body of a
subj ect t maintagneflfabs @rrrpm@mrfaofrﬂébmtgf@ampﬂm 0l%d] %M@‘lhhas mlﬁ@nﬁnbyherd@nl of a
mal i gnanc f e

dent 1 ool BGhb ARy QISR BBl Ko BRI RS, | oy

A regi on meie HISs . g)fabbutrﬁ5t°éeﬂutlmg alngnemaroanthS} égamsrmmfatlae bbquIOSest ubj ect,
fgcgn%zr ;g%t %ﬁr}l re"’}é‘]e%ec{‘ t&the envir%nment Eeh%,e[he atmogﬁlgrel or \rllgar%)y ?%) g ﬁOélr %(%ucﬁ lt Ihgl ted
bl ood ves Sﬁh\&:rs) Mththlft&: m&mcca&m&nm oﬁresapb;rﬁb:{s bynﬁ)y chenplld, iedtiag tieGame part of an
organ of a s limted to a particular tiss of a subject, or
mmy be | i it ELECTRUHTEY b ophe Senp e bt P b o R o ki 11 i n
the art tmwopsjovi deB\alafitdiding mé@ﬂmta@eraume makegoof @niglyeoct@mtihgnancy or a
cell of a mali nan %3&8103 Atinme rg@d in which a Fbplléln Count is
det er ni net?mlpsrra vy §s ang/op F%}Pﬂal“’cr?d TERERSIPEIEH A7 REVA A of a

mal i guancyystedd may B dadkd.t X r@fucC ihSrr@krsilifak iNMBENdIBInib By dWndsitgeper i od
avail abl e to one of skill in the art that is helpful for categorizing a

mal i gnanciperspsettheeyelsry efigieney andingpydptuge thegrerall apmgreonsymed ft cpelinedle may be
prior to giygical renoval and another tine period may be after surgical
removal , a tinme period may be before, during, or after a therapy such as
chenot her K8y4] radu@tam@nven@@nabmh@gméﬁm tah@ﬁamrhaléww weopemedly ey be a
specific FEIch hedd cdifihG Q N ear of a
ol gnancy o e & SRERLEAS RDK ho@ SSRARY ha oTRAbIn. Tor SABRCH pLfink

underl$t oothethymdpe., aif) aRibE r:oq1¢d tolabouwd 6§ °F andthovingwnpigs jpfhglcodlad eanrmeiaten i n
categoriz n
nal|gnanc@%qFS%%%B%%kgﬁgng%q%gﬁﬁk g%a sgﬂéﬁ%kggﬂgmﬁgﬂ?%%?eﬁ?ﬁghﬁﬁt er of
Repl i ki n Bowntgondiagly drg igeffaicrriestand powereostuamdian. dIndldd'lltlalll itlon“‘qodlity’hef mean

di vi ded by the_ nunber, of R Ki.n un t are |ess e standard
devi at1 on gt SRR S pERPL R BRI B eife kTR e R o ans on | ndex
(RCE 1 ndere):apnﬁaaftdsrehmng/alyssm)mtediby élemmpoﬂeh@)R%waﬂemth scdohnglm\zmdm t he
percent of egl.ikicglt un%s i n 5 % X E &g ?§ q LT, and/ or
anat omi ¢ PEGIToH CHEL" ‘IS8 %‘I’&Fﬁé‘Fe H H’*“8?1‘é1 5 %%&Sﬁs%ﬁ AT ORY ST 't R rean by
t he perce&mmqba&ﬁ&bkkﬂ&d@ﬁ&ﬂﬁ&eﬁhﬁhyﬁwe | ower than one st andard devi ati on

of the nean. Index be used to uantlfy Utﬁge ri sk of an
expansi on of Eowﬁnwg dﬁ@fmﬁ SFng?WHEH Qg t lignant cells in
a patient suf IR RAGRRHIT JHERETSGY Er ‘flfl @flS‘F?Fed%‘tl ermning a

RCE | ndex, thé.cngan: Re p+0k|n Count of the plurallty of cells fromthe first
time erlod and first anatomc region is considered a control. A control

populatlo ef er abl v I, L
relatlvelg)ﬁg va?%gﬁgﬁ??;£f%g%%éﬁgﬁg%ﬁﬁgglgbunt o?gmﬁﬁ QW¥&£ but any
popul at i odufﬂm;acdiwt\d@mmoalp@mm altd a yiivem ofligodrpenting oredb 8t hedegert fe cont rol

"ol ated t BEpndEhA Phy Rl v e iR kS AR TR, EAOY BB OEY- For

exanpl e, mﬂlgkab@hmnbmbehﬁgmmkﬂdBMdﬂmnhébw&ﬁmqﬂépigkameﬁmuuhqmﬂth st andard
devi at.i on o of S e initi y..pe conpared
Lo el P Retaed, ekl iy B eineuid Sk MErePhstneBirect SRR Y28 o

Replikin ﬁhmnﬂ@uMDo@ahls fron1a nmetastatic tunor. [000107] A control may
al so be established fromcells isolated fromnalignancies of the sane or
simlar histological types in a plurality of patients or from malignancies
of different histological types in aiplurality of patients. A control may
represent Replikin Counts froma broad collection of malignancies froma
broad collection of patients in a particular type of cancer, in all types
of cancer, or in unknown types of cancer. Such controls provide the
ordinaryskilled artisan with baseline nunbers for Replikin Counts and
standard deviations in Replikin Counts. [000108] In determ ning an RCE

i ndex, any neasure of Replikin concentration nmay be used. Replikin Count
may reflect the concentration of Replikin peptides identified encoded in



genone of a cell. Replikin Count may al so reflect the concentration of
Replikin peptides identified in the expressed proteins of a cell or in at

| east onewpnrotogiigsior protein fragnent of a cell. Repli kiPaT@sa0mw/083395 al SO
reflect the concentration of Replikin peptides identified in a Replikin
Peak Gene of a cell. [000109] Any Replikin peptide, Replikin Peak Gene,
protein, protein fragnment, or nucleic acid sequence encodi ng any Replikin
pepti de, Replikin Peak Gene, protein, or protein fragnent in a cel

predi cted by the nethods of the invention to be expanding nay be used for
di agnostic, therapeutic, and/or preventive purposes. Further, a vaccine may
be manufact ur ed by i dsad LyivigeApRRIMENTSOr TAE SSigTéth UG RPpARACLS of a
cell predicted to expand in population and using that portion in a vaccine
conposition. [000110] Methods of the invention also provide nethods of
predictin decr i r i : i f | ghancy
and/ or prgg?%kingegﬁggh%g%%%?o%§%¥£g8§gf@gﬁé%%?kﬁﬁgggkﬁ%ggggﬁpgﬁ# Count of
at | east svencHl0lof §G.d Amingadeiay The eyream SWoneddes ia b qéankad 0 amitiomgsecond
anatoni c [ IS, b r Vi at | f . f.the

Repl 11 O Cog iy 5 Sk 2PuRORy 5 BRAR 0 S AL AR, MAFIERI R, 17 ¢,
anat onm c fodgidestribél klrandrs ercipnsiagyd esthinvbaassiomayluat siHthb einp B Edlarcltaed wher e

t he nunber af Repliki.n unt s, of lurality of cells fro second tine
or i 0d angrie SRStk AR B PRl R aP A G ok el SREE Tt anaar o
devi at i on3f. Stdhen tawladil 0 isayl l@ss ait HeningHer docusbercadt offBpderterym@nikatis tHeess t han
one st andar eviation of .the nea A decrease. ar contraction. is predicted
Tt he rattl SF A PREBE PRI TR e B Vi ESa i ohe.
[0001D1] MHedclyRoplidgaiatioRs eofitcarcRgr wRénl tBe whk B10Re phffikicilyGau R theaigoe one
standard deyi atio %ﬁvtl1 gﬁgn of % control., and doeihg%h contalﬂ.cells W th
Repl i ki n €A TSI 6358 O ThaAErRIF's RS QperagAn BreomRlst mgteet Héh@ont r ol |
the rati omefighin@o&ék. | ndex is considered to have a denom nator of one to
avoid an index of infinity. [000112] In determ ning a Replikin_ Count
Expansi on[®ddex, REW liwidroentieatet by thereris kPt inphakerss fek ivthsn Bediinal yzed
fro”‘anat?ﬂ?ﬁﬁ&ﬁ@h@ﬂ%&%ﬂeﬁpﬂg%?ﬂh&&@?pﬂﬁﬁBﬁgw@ﬁﬁ$ﬁmﬁ§m§%mh&{%ﬁﬁib'Ops'es or

renoval o unors). hin a patient at a particular ting, ere may be a

rangeSof ¢eplane8irouph suigsblei nizing orsliics thaengh edilisuiPOagneen reere flaidiekes R 91 i ki n
Count as I : i ng the
Repl | ki n Cac b LS (FBRAT oy Eimed AR Al g S TBAN 0

control, pihpeRalybidi the Gdleptionaping Fomithdfiark 3 Weo giconipllor-setastedtoaelotel | s t hat

fall wthj . jatl . a group.
adi 11 onat Tyngy PR GL K, Lol o L T RLoTRY BR WAERRRENER 2 8
devi at i onrefacoon ¢riveokiessapparatys BE), suchab ed owsid¢ svoradiatdr ydhperguitongseolidg f i r st
group,,i s t rqup_pf Replikin Counts that are ater, than the mean plus
one. B0 o B fon RO YRl RS HA G by o ¢
are | ess Bimnor dithwapeaiverbolens3 8n el ietdndyriccadd \nie@ttek cangdBesacisted Withher
Repl i ki n unts are associated w.th an expansi on o e mal i ncy and
oner  Rept TR cepanbE i e B Ml SR SotPuleed i Fkeb B o owe
(él; t he ngrb@ﬂm(ﬁyomifl@Bealteﬂtliqaidclfoalaﬂt?nﬂGlﬁlﬁiﬂi}ﬂ{foupfes i}ﬁ@b(&lécﬁﬁqlﬂ@.vdoﬂ@];[ Repl : Kin
unts abogve pean S, one standar eviation to the percent of isolates
havi ng Re[rque A et lﬁzﬂ%wpewwa% Hort %taalﬁélostﬂww [rdapedens provi des
a quant it akilyeidicoslex compleRRe a YRk hit rdRd t1RX%PABSEI100 i0the AR 3 ma:phﬁpancy- The
i ndex provides a snapshot of current status of the cancer cell popul ation
and the pfihanstteycheiger exagiyed Wib & Reat-rgensian apnagius 5P, anddagkthioyeh s great er
than one, ,e 3R Htd ML @nKBN 6 AHE heard) cQXPRIA LRGROPHYAL ERant InkocR®er ati 0 i's
| ess than one, the RCE Index predicts a reduction in growh of the
popul at i ohcat exshaeeyaay then b wicth bpésespladed one cfalrpativeherfirdectipn ateneses ¢ and
Ther apeut | . ikl . d to be
conservedh%ﬁéﬂﬁgggﬁgg%%%%é&%gggﬁgk%§ﬁf%§gH%E&ﬁgﬁgégg?ﬁgggﬁ?gggﬁggnisns and
Vi rusds) difigreanenvienrnecnda comliteann eediorsatvienepersting sgndémsetd ypridt & peolisent ai ni ng
Replikin %%%HPQ%?§mﬁﬁ§tbee” observed in cancer as replication increases.
See, e.g., discussion of malignin production in a range of cancer types in
U S Appln. Ser. No. 12/010,027, filgg January 18, 2008. In viruses and
trypanosones, cycles of a conparable excess in the Replikin Count have al so
been related quantitatively to lethality in Taura Syndrone virus in shrinp
as well as influenza HSN1 virus in birds and humans, PlI. falciparumnalaria
in



humans, and ot her human viruses. See, e.g., US. Appln. Ser. No.

12/ 108,458, filed April 23, 2008, U S. Appln., Ser. No. 12/010,027, filed
January M0 28008951and U. S. Provisional Appln. Ser. No. @fra54900083305i ! ed
May 16, 2008. This quantitative relationship has successfully been used to
predict differences in lethality. See, e.g., US. Appln. Ser. No.

12/ 108,458, filed April 23, 2008,U.S. Appln., Ser. No. 12/010,027, filed
January 18, 2008, and U.S. Provisional Appln. Ser. No. 61/054,010, filed
May 16, 2008. Likew se, concentration of Replikin sequences in viral
genones has been shown to increase prior to strain-specific outbreaks of
the virus nd i | gﬁﬁ% reases in
Repl i ki n @gugj i nng%%§§ggr%{[}?ro Bté%h{aﬁé? nf é%?irﬁf‘n:llgﬁﬁ&g% s'ﬂu!gﬂ and in
many ot heapplicetis mftjvam\mhlvhmayrqgawhmgem sig8ele of wrlomommlhnalphmmﬁieﬁdu ngs in
both infe i vect or
and the hogp R P ERaRR Rt A0GR 0P HINES b hRho SAPREY EARHRechl® Lo s or
t he degreegmﬂsmeDMaﬂwmympp@deEMSbﬁmbHﬁﬁmogmtoﬁephmkﬂnlsaqubmnés however ,
have not be ated in n in

mal i g anc?:oeosan(%?Xl Fent ty tﬂeetsar\ﬁ%ap ac?PeéotLlﬁ(eq%Va%e(a B erq%rf; acr Sgéoynal i gnanci es
t hat do ngﬁﬁammosmCh cBﬂ the 1biuml1tyl adgstverk wtlm@e:ducbﬁ)g)(h& icﬁ:}l aﬁﬂdnttdfemgy y

Repl i ki n de seguences_b ensel ves h ate
ror ot R O FaR SRERS st BT S et pSEERE RS f ki fhene ¢ e
i Mmune sy &hBlatubeef, thelighid cdokaipl £ Rad oﬁélﬁcgtloﬁfwdﬁnﬁhe Apidlcircuifedr.cxivaple

11/ 355,120, filed 6, .2006. Furt eC|f Repl j ki n pepti de
vacci ne Wi ef?&t?ﬁtﬁafﬁipt}ag %dft%ﬁ’stSémlvéﬂagﬁﬁ%trS| erfaptrq*ﬁta fidr ome vi rus
when 1@dm posik tiRGeiPerdtife dThhe he@Egchlerding ittBnic S6pordats inlBt t&%rglﬁﬂ) infiled

April 23, 2008, and a vaccine containing a conbination of twelve specific
Repl i ki n BEpeveraacks by glegiripadly-comastingetie eorgtotla‘ 049 thewdiagngste PHEHZESSr us was

found to prMid®yRNALiGEE ;‘;eY\eersef'If}f%QBnt?deér §@ Ryl Aglibr indfeGidrar and
excretion of virus in vaccinated chi ckens subjected to challenge with the

sane st r aligrigeoqlanpibpeich dipdmilcandriluidsaguity Base ruchgaformagion, tho/ 429 044,
filed Aprl Rier HAEOAAELihils GARC Himp YACHUNES GATALLLAGNEEPL T KI N
sequences é?%étf mnge %? ect § SFor ;g%p pepgg de sequengg; from brain
cance, bm&a@uwdéﬂ@EKmmaﬁdﬂhvwﬁﬁedﬂsﬂmhabmdbhvatmeﬂuﬂeptmkmﬁt@equence each
i nduced p t | d to ani nal s.
The ant|n%ﬁg%%?%$§%§$8ag%ki eﬁ%?hgg%gbro 8?2%C¥?%g @gg%ﬂ%%@ﬁéﬁted to be

cyt ot oxi cSLtfﬁc1cla}y®eDhrwatlsrespwctlm/sed@sehen(tm taolnﬁl(bls sypiicicatéyl fu)l of i lignid

demonst r af e(ijant[ 11@%151% a1n1n tﬂe ﬁeate p%%lat I nt ex 1nt & s%ereysmt e.e[e%gtgé hy humans as
age and ris cancer | Herease,  an (Qf B B AN TR €55 88T um as an
approved &mﬁkmﬁmeumhhwe&mhymdﬁﬂﬁeﬁmgymmﬁmﬁmhsEMﬁcembn&nb@wmnﬂmeecurrence of

nall anC| ANAS( 1 est. avajl abl e fr Oncol ab, Inc.,.Boston, M. See,
o, DS RREbaNSRE. b the AeGusoaT s E%s Shsnp 8T onirEaRsSr ac e by

r ef er encepﬂ@glraei Withifl thetaﬁplﬁﬁildni’s@bfywar[a G@mcllzs]ed Refelnakérno pepiistewnmacet thes may be
produced b sequ nci ng .cancer ¢ ns 0 sed cancer cell genes,
or identitf e&reﬂq%eomﬁtawﬁ @eﬁe élefufim@é@ f?ot%“@%teee%%dca |
proteins, eﬁefénﬂtﬁéaﬂgotﬂaﬁcﬂl@aﬂé hdat £6m BePchikll NqRe RIS cReRIHRREAFnARN@I basi s

for production of synthetic cancer vaccines conprising the |dent|f|ed

Repl i ki n fo@p@@tvaéor?eqt}éﬁe@éﬂoe% eftohqud %e\ﬁatqdam‘téw%ﬂ%tgﬁ Cﬂétﬁ‘glskﬁter‘i% % c,

Bost 053, Mijes nga{teawiweqﬁ@@aﬁtreﬂaﬁah&e%fhé%emstlgathnqg@tmgasaea@ems are
preferred as vacci nes over DNA-based vacci nes because of the recent

deronst r ab¢ BArcicAstEifedive duerly bAONONA can be incorporated into the genone of
a vacci ngf e S 4hh G4t o g{t@bl@@i&u\ii)@o{r%{ na@gérﬁﬁgmmfo# ﬁﬁrﬁérsﬁgg%ﬂ%t‘ons with
unknown consequences. An enbodi nent of one aspect of the present

i nvent i onndspavlicaibisopariblessolvars atla bauid govtldne 4227ie derretpd. i Kicrapparptus 4@ or Repl i ki n
Pept ! des iiudReRLILY: RO o eGPk RERCRISRhL: AL A0ASLL G bher apeut ! .
and/ or preventive purposes | ent it I's predicted to
have 38 hidgfveibed latnearc)ﬂetgt lmantihafter. Tlmtenlo«florrmzyl he(faitrlceted ofstqu @@M&mldnéy hality
than a second anc ot he nanc In a
non 1 m c1ge RAD URRER B A8 Rl R bt P sV PR R o i
peptide is identified in the segnentzpf t he genone of the nalignancy, of
the protein of the malignancy, or of the protein fragnment of the nalignancy
t hat has the highest concentration of continuous, non-interrupted and/or
over | appi ng Replikin sequences when conpared to other segnents of the
genone of the malignancy, other proteins of the malignancy, or other
protein fragnents of the malignancy. Anot her enbodi nent of one aspect of
the invention provides an isolated or synthesized Replikin Peak Gene
|dent|f|ed in a nallgnancy that IS predlcted to have a hlgher repllcatlon

o, e o o




used for diagnostic, therapeutic, preventive, and predictive purposes.

[ 000119] Anot her enbodi nent of an aspect of the invention provides Replikin
pepti des wo 2Rpl1ibda7rn Peak Genes for diagnostic, theraperCrasS2ea53sns
preventive purposes identified in a thyroid nmalignancy, a prostate

mal i gnancy, a breast nmalignancy, a urinary bladder malignancy, a uterine
corpus nmalignancy, a uterine cervix malignancy, a colon nmalignancy, an
ovari an malignancy, a malignancy of the oral cavity, a |ynphocytic |eukem a
mal i gnancy, a nmultiple nyel oma malignancy, a gastric malignancy, a
non-smal |l cell lung carcinoma malignancy, or a gl i obl ast oma mal i gnancy.

Repl i ki sy bikeChARNORI:AS. PRCuTDLRAR] S8Cd QOQLP T, Lelsah i) 2d tm i n

pepti des and Repli Cenes ar nancy

pr edi ct edpeti mtealnam}sm@ arglf mayehsl shigied tebave eengtx i, ovidthoV read deightr Iwathlthﬁel y

hi gher Orﬁlﬁ%{m fo3 ﬁnPto M%S%R i é’e?ve?s”ﬁ’ooém\%bﬂrn%%ﬁﬁ BEm!)e‘?é"{% Léeﬁs*éé'td ty than
anot her I gnanc rern-a pri nancy edicted via

anal ysi s ntm‘unﬂép berkemlndbmtaelntorfam tha straerhanke479 withiirathe w«akyThﬂ tghle410gnayl ower

rate Qqf el ti r el veI reat er 0 thaht than its
netasgase Sﬁdﬁg@chﬁéag yﬁ%‘ggefwdééﬁégﬁgg? fﬁ%ﬂd éielgﬁ provi des
a net hod tyqiﬁcaﬂmlnieaglrai mmninmﬂ“Ul”@n 106 iqehéssadhoah il EEs ), caebcappardant of at

| east one .first na where the first malignancy is predicted
accordlndV 8mﬁﬁﬁﬁga@%8%£€%Wﬁ%d herein to have a relative rate of growth,
replicati moyolor | efhwahihk iy fibfiadted ® lﬁt'feezﬁilﬁl’et Fibe bR 4ubadma sgia@ gl i gnancy.

The at | east one cqnponent y any antigenic f a cel |l of
the mali gftdnesed t‘?ﬁgw?:tc?ﬁﬁ@ﬂ%%n?orﬁ]é? br grete%%?l?egg gt @0&&@? L RED i Ki
peptide i d@metnkfm@dnd dh Julet pIR drgiﬂ@ﬂg()/cdhhecﬁéd th @aIdctiONS BE Bbrithd ﬂb&’ﬁgkr Gene
identified in the malignancy or a conbi nati on of Rep F in peptides and/or

Repl i ki n Peakngeifeatcd soqr pital hegups tp die termréprat R%%ar@éa%swﬁ@ Wil onse

i sol at ed Bmwe%fﬂ%lhbagr}a@&%n RF @dyhﬁg efltdnf d@@evlge@m%ﬁ@&%n \Qﬁh Freiarpse of

growm h, replication, or lethality. ‘A Replikin peptide or pI|k|n Peak Gene
may Ilkewﬂ@ﬁzbe synt hesi zed. [000122] A conposition conprising a conponent

of at |eagjs@ne fiiRiscFR} LEPARDM n%%v@?nﬁﬂbér%ﬁ&i@@&ﬁﬂhfble%ﬁﬂﬁ%s“ on. The

conposition nay be a vaccine or be conprised in a vaccine. A vaccine

may piBodubefebly, treumeuntiog pombers a@moaﬁgur@ddynquetglplamwwe dredilorelity opr ot ecti ve

effect wh r r be

conbi ned §#¥%§%53%§%§52§3%ﬁ%gpﬁ&%ﬁ§§§n¥§@§@8ggg@ﬁ%?f@g a u%%%%gg} bot h.

[ 000123] R@ghmhdmn@®mhmue§hmﬁ%DMEfke@gunwadﬂawwgnwndynmhauhﬁmowébéa|ver

e e A ool AR e, AR ARE AL fyn BRIt | Ve Pur poses

wth respe5¥ to reléilve Y I R PR GHARCT oa ee, e.g., U S Patent

Appl n Sef008No. 12T1€bjlﬁong nicimbed mhglbua]rsg'c&ﬁ&guﬂaﬁmmoﬂm 1R sbivers 248 thifor

exa Re de or a Re i n Pea din a

o ac0ver fernot el 40 BB g s Cri Sk e RS e et B siHlFat e ¢ he
i mlrrpne Sy&bEM(?iforrﬁedmnfﬁ@rrﬁftlpw‘Uefmfs 120. % @dﬁ@e%@ﬂcs mgﬁe bﬁﬁcp@m&ﬁ)laagai nst
mal | gnanc of the t e Q ancer in Ich the Re In pe

5ol at ed sﬁfcéat@a} SRS M G ahox e PEvElagkg! 78%@%@6&%%0 ?lgcalff gal nst
cancers phediy 6ol thiaveh thé glhﬁlhtﬁ S8R [iereN@hacin@rBl ARliYg Skdabd 1 n the
art will recognize that antibodi es against these malignancies are useful
for di agn8rssBYsrEriehnlifanewtipg mﬁma?fémar/ék%h? Fanigpigd fp Bow)t derseyersat e usef ul

as t her apjig3edeahdksd70Lbe MR bAHIRNFYh Qi@ @1kt BRI AT GIRS. R T he same or
different type or against recurrence of the malignancy in a patient that

has suf f eP&dCEreaeh terReCtR ﬁe@/ﬁaﬁ@yhe M&orrbﬁdheégnlayah that thBpyjok the disdgstricdes or
Replikin R e frhBaMd ehefl il Mafovcl! Bbiaklyy i aheldabmb@| dgnancy
provi de a ?ﬁ&f&? ré gnoang 5r éﬁ?ékﬁﬁngzgeﬁbctd}esg?%ln |5nan0|es t hat
are parti eulfignieg tcr @bmtéa stryers gpyisely r&ipdentiatone ancdlred irothe basydiadok tty restnicty
particular malignancy, in a group of malignancies, or in malignancies
general ly. [000124] Likew se, Replikin peptides identified in relatively

lethal malj.gnancies.d ahe 8k &9%5@4@@4 BLIANARGL 880k Conser ved
1 1ol at iguEl i e BT e n B G AT o S AL Phi agnost o,
t herapeutic, and preventive purposes. As such t hese conserved Replikin

pepti des are of use as conpounds or ?n conpositions for stinmulating the

i mmune system of a subject to produce an inmune response, an anti body
response, and/or a protective effect in the subject. [000125] Because

Repli kin sequences and Replikin Peak Gene sequences are chem cally defined,
t he sequences nmay be synthesized by organic chem stry or biol ogical

t echni ques. Repli kin sequences synthesized by organic chem stry may be
particularly specific, highly




reproduci ble, and highly reliable as conpared to other vacci nes and
therapies. Chem cally defined Replikin sequences are |ikew se potentially
freer frowoadwarga7reacti ons characteristic of biol ogi caCiryusdewiosssds

vacci nes and anti bodi es. [000126] An enbodi nent of an aspect of the
invention further contenpl ates use of Replikin peptides and/or Replikin
Peak CGenes as i nmunogeni ¢ conpositions and contenpl ates construction of

i mrunogeni ¢ conpositions as vaccines, including vaccines that provide an
i mmune response, vaccines that provide a hunoral inmune response, vaccines
that provide an antigenic imune response, and vaccines that provide a
protectiv fs Qg%? (olp(e] a
Repl i ki n gﬁg&?ﬁﬁ d{ nt mﬁmﬁ%mg mal | ngk%y preg?%%ggﬂsR%Kaégﬂgﬁﬁﬁgher
repl|catlﬂﬂwpémed@kmgmémpénwbbmﬁ@bu@ym@hHWﬂaﬁdmh@mﬂhal|gnancy or than a
plurality ot her i ified in
t he segneﬁﬁg%# Ag@%%qagy&! :égﬁﬁfg%é BEPSH%SHﬁnga%%?g?hgﬁﬁégnent of
t he mal i gerderosl lmhakcﬂaagerthreugth§mg soitaneimta tht faok 400 toguanbteimgoolsnt

B?Eelr tsg; n%’i tcﬁgul?atp(}gllﬁvq{hm e I‘Ealnﬁ pg%’len% ulf Poollan![ ﬁg\y?l%rguf% er}lglélsh‘%ln %rv]%rd to
nal|gnancmuhﬁnatmmumogenk@omﬂmnﬁ@p@mﬂmﬂmmymaﬂﬁmnmmeImFEEmekuﬁ‘ﬁeak Gbne

identified,in. a n predicted t her .rate of .repljcation
or Car ent o B G HRRRGY s BT ek B b el e PO o BhRb b ek 2 L
primary mh:c:rgxsahmwﬂaﬂliipm@ 480 RBbcakt addrsr the @mggg]?gannmwlsmsalhﬂ@mmy or in a
net ast asi s ro nKNno r I source nogeni c

conposi tiaﬂmﬁa@%@u &ﬁﬂﬁ%@@ Wi %@%\"ééﬂ?éa“l[ﬂéf”@%‘]s{l%h‘theé %w preventi on
of a el i gnaany risckhuiRdht GHAREInd B}t theudt Beiplediréd phiRyeofahdveghar rate of
repllcatlon or greater lethality than another nallgnancy or than a
pluralityl49P3lot herThﬁaﬁewgﬁMﬁ%%ﬁg%voBémanrffrmlﬁallgy HglgrateciAvst edi cted to

have a |0Wan@5v1tﬁ"oﬁt?§ﬁ1 g€ c&flarfteﬁlldh(%ﬁ{ld RE B shhyR0REr e %@%&rlnétﬁr@bﬁl ity
than a netastasis %e sane nal i gnancy. "A vacci ne conprising the

i mrunogentogedisagisdlon fivopiayt apand dre intidled perigrieat togrdiico Py prEViei on of a
mal | gnanCihelBRimiiSy L ol AATS ARG R OHeR b RHLGES etk phave a

hi gher ratgeo Iw%pvﬂégtlon or éféater g%nﬁ%ig%ﬁﬁ#%a% anothé%‘ﬁal?gnancy or
t han 1& pl sinkln qagh offthomhliplersaiviergnanci es. [000129] A Replikin peptide or
Replikin Gene el i or the
treat nent ﬁ)@? Jf]'[ he félrt%-tﬁmﬁ)ﬁ iglgzlidr?gt idh thﬁ p1gght(gd§1§’l$ gpﬁ? )ré%p‘%%ﬁ }ggf%ﬁ%t of

anot her ki tgnhms,d ligh&lreeblant thay eomtrf@rm ﬂnahﬂsgtﬂadlwveirﬁhroaglatte‘&earopénet)st

mal i gnanc i and/ hi stol o cIu a netasta5| e first
mal i gnanc%lt tﬁ\ qgll R eC0l(l)etcmt):ﬂep Bre ﬁ%}% ‘kin CIB i HerHor ﬁlegle"lmrelé]a first
nal|gnancymnmwxmh$Qﬂhehu&a&h&q&rﬁhemmnagmnamtxmk(ﬁﬁmﬂhﬁmbnn%m@hmmﬁw that is
unr el at ed. |p q&ﬁa}n or histology to the first malignancy, including a
naliéﬂanc S@H°q¥5K1SBwn hi st ol ogy or origin. [000130] A Replikin peptide or
Repli ki n o8k Genemiagdethtd ditc@dtivarack dekigs {noiElidvariafeydramgd ahdiasid4 fook t he
manuf act ure. of . a nedg@» t far t treatnment of a malignancy, including a

mal i gnancVtdRgints &plu &IItSaVIthwé%PéﬁmﬁﬁlF? &FFEYyC gpe SHoisg StEeT he
first mal KgRaRCYroRipahils faoindapwad. THY e&teﬂaaq)pmﬁwurﬂﬁsh@maﬁﬁt@ﬁ thensfidal known to
one of sk|II in the art now or hereafter. [000131] One enbodi nent of an
aspect of hghexchprzghthyysh 8&6@%%@/8@%@%@1%%%& irfgroslapelyignancy

conprissi NgirQMbA WthBthd@nit thadaSibRkRehyvcdin. | BRI IquRNSoRRMhAK&Y BeRihde or at

| east one Replikin Peak Gene or a combination of both identified in a first
mal i gnanc§ecpinstiilled esgver ard ot A gide positanpderpopite thy @lqt e @a tank ﬁch@rdnhhf\@e a
relative owt h of
1 east s R P R e B e hag ol

Ant i bodi esookagaivit putReipk ligiid sodlent DEslirkas my be ghapedTheharp ik awnfbo043RYd) An
enbodi nen v | uces

ant i bod o oA P Aol bl Wbl R R P B
|nvedwlonumﬁnengnhmmtﬂ@me@m@dﬂdasgaﬂaamgMmumymtamﬂmﬁ@@kukwmegapkmde
|dent|f|ed h eggklgnancy that is predicted to have a higher growh or
repllcatlon ra e or greater | ethality than another malignancy or than a
plurality of other malignancies. ThexReplikin peptide may be identified in
any portion of the genone of acell of a malignancy or in any expressed
protein or protein fragnent of a cell. The Replikin peptide nay al so be
identified in a segnment of the genonme, of the protein, or of the protein
fragment of the cell fromthe malignhancy that has the highest concentration
of continuous noninterrupted and/or overl appi ng Replikin sequences when
conpared to other segnents of the genone, or proteins, or protein fragnents
of the cell fromthe malignancy. An anti body may



al so be directed to a Replikin Peak CGene identified in a malignancy
predicted to have a higher rate of replication or greater lethality.

[ 000133] wwo 2amidibzidy or anti body fragnent directed agai RET/Us20000533ks N

pepti de or against a Replikin Peak Gene nay be used for diagnostic,

t herapeutic, and/or preventive purposes in cancer, including any cancer
known to one of ordinary skill in the art now and hereafter, which may
include a thyroid nmalignancy, a prostate malignancy, a breast nalignancy, a
urinary bl adder malignancy, a uterine corpus malignancy, a uterine cervix
mal i gnancy, a colon nalignancy, an ovarian malignancy, a nalignancy of the
oral cavi fonge | Y TPRACY bhes bk S fer FRIShANRRGbod fhe ffalselka%lenyﬁalew

mal i gnancy, a gastric ma |gn ncy, a non-snal carci noma

mal i gnancservea ragk iapisiraist W mmInegmrgwipck @ﬁln@ﬁpyndwnﬁseqbpenmlq grvarsoy adifluidn ani nal
or a huma Qg?ﬁ f V. rovi des
a net hod gOI'C[sn'(tP ?mj at ?ln i ﬁ?@%g{q&ﬁs‘: Ogl%lto ?S atbOQJthE th% dfﬂleﬁ%ﬁaggpabl e of
an i mmneFIQagpsbm&aarmnda&mtmnS/um ofithe aipaltaem§00 ovieclﬁecpihdds |amumerp¢nkcﬁé00r at

| east .one_Re k|n Pea tified east i gnancy

pr edi &t ed™® 5§ gortt Mg" §1n6¥%w% SPHgSﬂ%@@'PW%nrg?%qﬁ‘&gk ég?ﬁkﬂ@e rate
of growt hait fy&h tépsto ffasat @ropei amertoheolnmb atto wiich dteaeobrs giag\bke monfitedfn 4 east one

second mal i C Anot.he od| rOV|des met hod o n

ant body  SPHEROG By SR apeBp i i dadtin Shut Rl Then

pelp_t i de ofankk10 @ﬁﬁdpe@ﬁlﬁi dneplikkitha e%@dﬁnﬁ@ﬂbﬁowﬂﬁl;ﬂl(}ﬁl ed eiﬁﬁcﬂ:pﬁés dﬂ&m}‘se one first
mal I ghanc at Ss artr at|ve ra aster. tha e relative rate
of growt hxﬁ?fp hgreip elay- IleuRine ﬁ@ bqﬂfgtﬁ@pe%%?quqf REF ?ﬁ%@vmﬂ@s the at

| eastiponeofRPldctehulpesi e B bdther @thd @ASt THRRBtPREFbinkisRO Resdatc@ante and
naklng an antlbod or antlbod fragnent that binds to the at |east one

Repl i ki n peASLitera @f theipapesing | %%%{ Sl@fh@ thisrirrguipr pakRlseage theadponrof dredi nar y
skill in t.he ﬁrtﬁlsMgQralﬁefP%JTﬂﬁﬁﬂ adwway st @b haa!f'c&ga@@ﬁtbmgﬁdnpmrml body
fragments that bind to a Replikin peptide or Replikin Peak Gene that is

i sol at ed fhedHetinieg is igtially th@ngfgﬁhaﬁélyméﬁ@ of L] eelaanformedity thelogedequence i s
known. Vacghogsne fgﬁf%ﬁ%ﬂhgth%nﬂeg}ﬁ 9%&1% sﬂé%%(%légﬂhe%rp&%dk%%‘éﬁcc' ne of

the invention may Inc e a sin epl 1kin peptide sequence or Replikin
Peak 1Genesayerytd) and dica dgoeehghasied $720f dfe sRept Takk traigh tenerers dAABFouRepl i ki n
Peak Gene d | 0BY; ude a
conserved%ﬁggﬁﬁkgggegg?ﬂgg %ﬁgtg%%l e%aﬂﬁﬂggﬁ%ﬁg %gﬁS%ﬂﬂﬂ 32@% ki n
pepti de osid&REP afkhasepeptacidas] thaloaggarde o€ the gank wamthigmg igyoudet pmuyg b#.based on
ot her Rep}i.kin pe uence h as gnt 7.A42, 761
. Repliki Ld‘)%@ptu dgﬁstggr?e% > Syht eelz"“sw‘z%“d“%"“Uir Y anm{“‘ﬁe@‘syathv&e nB“*E deffn cal
synthesiSaemmbbdQKMtmanh@g@nmeﬂmMm©D©gyuxamdomaymnnnMudenmmmnﬁ@pf|kln

sequences. Vac 05|t| ns i.ov al.so contain a

har ot 1t SeEeRC Ry 885 Afke! By Rapfafeiti g0 1587 M e Vacc nes
of the prgsenkive ﬂl‘é&@tdfaperﬁitﬁig thxeco@dﬂg' fisehefoecbotih@me dlectrit lgoniodiahd on Wi t h
chenntheraﬁles hor none thera@l of her anti-cancer therapi es and/or

t r eat ment ¥NCrPRENSLOBEPIRS TRy SpvH fSF ! SPRTAERR ﬁ@ﬁnﬁﬁgjorb@eaﬂ‘wﬁfﬂglet@r ed to any
ani mal  cagaltRnf THRIAUN 0 RIshapd B0 diz@Slilkdth@Emb LG sHRSNRFEES. OLe t 0 any

ani mal capabl e of producing a hunoral response, a protectlve effect, or any

i mune or SXCAPh#A 80t keéemévglﬁ% sBhe timkr 0 19,pkeaay haydnan qpse éapre fosm anecthr esent

i nventsi oni &Y BQuAE AR R Ael Brs Fnak 3R Rldunte@ itV GH@Doridh talbH with tRUman, or
any other animal capable of producing an inmune response and/ or antlbodles

in r esponfeantpened faciigrupga towerd dipsepern foptoh ghefiky dig dlctpiting @005 lorepd i ki n
sequencesy, aﬁer%ﬁ%&ldrkﬁ“ofé %}tﬁ@lo‘n%%f% Teé S dTR ¥t pﬁllﬂ'te{&QﬂﬁQh@ﬁndﬁlerﬁagse of

nallgnan0|e in peptli es of the invention, alone or in
vari ous cbnﬁﬁmm@ﬁmﬁxt@ﬁ@ma@ﬁwmmgﬂ@mémamGM@ §@bp@©ﬂﬁh&naﬁy)mﬁNﬁ@d known to
one of or géa?eq"il%/ @rpﬁ) 11.16 eh@otttngsa%{e 101#% i‘l'éj!)fntge }%Xtah JrQa\{&ql%H’Fr tﬂgt :[?Q)tfﬁ%rmscm ar
i njection, ocu spray and/or 1In atiron spray, or
any dOher tanket Imdhle fufst laddn crf ostraam wihizing a(mnczdle |0f breraion wrlnaa:rdale tvghatwiiifé system
of the su r ogic e respon he. do e of

pepti des b ApRARPERIET R e B R RERE PR P EREULY et PR 20 my
to about 1 ny, and about 50 ng to abmput 500 ng. The skilled practitioner
can readily determ ne the dosage and nunber of doses needed to produce an
effective i Mmune response. [000138] In another aspect of the invention,

i sol ated Replikin peptides nay be used to



generate anti bodi es, which nmay be used, for exanple to provide passive
inmmunity in an individual. See, e.g., US. Appln. Ser. No. 11/355, 120,
filed Febwoanw/aés172006 and U.S. Appln. Ser. No. 12/010, @2T/uskedvps3danuary
18, 2008 (each incorporated herein by reference in their entirety).

Anti - Sense Nucl eic Acids and si RNA [000139] An enbodi nent of one aspect of
the invention further contenplates a nucleic acid sequence that is
antisense to a nucleic acid that encodes for a Replikin peptide or a

Repli kin Peak CGene identified in a first malignancy predicted to have a

hi gher rate of growth or replication or a greater lethality. Nucleic acid

Seauencesiri il Wiy ALy SXATR!GmeG (W bRBRGLHTR: o IESACTAIRIRYE eLc aci d

sequences t I nter h a nucleic acid sequence t I's 50% 60%
70% 80% indat pPO%H WP andihe bhidern bEYofitke wr\tehra@kﬁmwélewe@dﬁ@anm@t:n tnogles for a
Repl I Kin %%l% 8f 6% ﬁhé%%?\te'r l%!ci?t S%fg'ﬁﬂ%es%?ve&sd%tah& F&%é ot philef §ilie &Y dfgnancy
predicted to ave a rate o ication or a greater

| et hal i tytheeerversracﬁﬂ%o a@ﬁ%e 676)%rrr18®%th@rt0[9@%0(ﬁ|thermwer fadnoidalgrotos suwfathl a

nuclelc agi t anse t cl ei t hat .encodes for. a

rool | 5 - St iaui oo FNRGet B Bl RbTeGale o el nE RERRTROIRE 2 nancy
pr edi ct edoﬂie(ﬁath)a\semhr hu lgh}etB I’a?ste&rﬂfhegl’emiﬁahg@ 1630 epbdigtad waln aroaiddamgaleat er

| et hal i ty 0140]. Such ucI eotl be used di zati on
nssays. of SEPURY waies YERRRSR Brissd vage ek o fa e ORGP PR B yars.

i ncl udi :’lgaﬂdl’h Stdnd duypar plging@&u@rlamsﬁatytal;ouglothamagrwaﬁtatrﬂmnpa@csﬂmal@ of f a
particul ar organismin ti ssue sa or.an environ or
exanpl e. eﬁﬁ%@sﬁeat CXRPaRES BrPeupE g é&*ﬂ%fm%&r@%sqeplege Oeiﬂﬂ% 8 @ug}ht. bodi es
speciiii ¢ ﬁ@ﬁn@aﬁlbing%kﬁrsedgﬂ@wf'eftﬁlaﬁg&atsg(ﬁa@ RItREEPIng b8 BacR@S thi: Gatbad pat hogen
of interest, or contalnlng nucl ei ¢ aci d nol ecul es %sense or antisense) that
hybri di zes%ﬁ@é‘m‘@@ 18 8PPE3NA particul ar Replikin, and optionally, various

buffers apdkgr reagamd @cHRGASH off%erﬁlciﬁgﬂﬂ%hlﬁp as{sQQQéd’va]th MesRstWhddbiop t he
scope of the invention are oligoribonucleotide sequences that include

ant i sens eCIRKioa iiddemmxated be thel cetrelieasuch s rdliid digtit flawof thewlidlestrionhi bi t  t he
translatig plJ ki 9£lt ke %@M—\t i DNA

nol ecul es r%%)EOr ozdytnée%tér;ray @%t%p%‘ﬁ red hb%g?%ﬁn%t gd(} E%%a?dr% the art. The
ant i sénsederotiatadl e xctha indangl head cpdragee 630 ssesigediidiethy sgoped ltepfativect or s f or
delivery e ne the
post 1 out SeafteRth Rt oottt Slok A W @ELdrdo, AT SRR g AEh 2 Bl

possi bl e delettod flofd veigiin mengrlkamccm”lg@wé,sucanmgledmﬂyd diclpotric iiguidebolwer y

met hods i f.small | ecul e, d I|v .an is also
readily agclgr Ogﬁéi?gb meg[%n OftHDSerVerSr iaatzr(l)ge0 Trom Boﬂ)ltl]Oftg %gﬁ)lplﬁlﬁ%gé om0.1ng to
5 ny, f r oms@ad anigast @ p@rtiomy pf taadqlhd oonldnt Nbidrpwt @0%is ﬁh50ugg thelhatt axshangdr |1 m t ed

to s 001 nb f ect f the invention
Forcrl BN Tig daran oLl Tl REBRRPR Routiuf SRR e fog B

conpl e rre niram)thd IeaexObihiced 630 aCtheknng ofliphd t8 tHeaeddn@Boding Auiiedflitheddkcdnd
rralignanc%/ red| ct d to have a.relative greater rate of growmh, replication
or |ethal 6105 "t‘gss}’é‘i‘? O djeyiRefian AFEPYABLE ecul e may be conpl ementary to a
nucl eot i dR)OS@]qUenCEICE'116@éijﬁgarﬁerﬂ%wvhﬂfdnﬁuwmye@%dﬂ{erﬂluﬁ?@ivb'éinﬁocﬁ@l@ﬂﬁ CGene as
described herein. A nucleic acid sequence nmay be anti-sense to a nucleic
aci d sequehfce e fixhior seraer rarkrApAYe M UHOF Beib cuBREonath 4 S9MRIRHEPY fnancy or
general | yoGRASRINEEH1E N AarlddDdEm 0H0 SR TGINENG @sh PEorRbiRAioh) Rk @fc fg@NCer type
or of different cancer types. [000143] The invention al so contenpl ates
conposi t i iffsreabmpias of prpraaaithe ceeling sgedden opbag the digleeiciligmdispelattepl i cat i on
10 to abog B0 /ARG Pt CeapE ke B EEbERRDH S w30 Gutphgond 2ot
doubl e- st herriddcloRNAT eshrdcIDalso ny R ineopemipplte dimian pHTENRNEY Taibsr et ence
oncs. suchioh teseriidh b B8 mbhhBy b R AT AN e Bon BRI SR enes
t hat 3onprowsel tht shoetasildmfehd?eghnguiamtqném whhehdrenalbt ﬂlmagt74(1m®cmeth Thd n Peak
Cene as described her act. 4 n. RNAI e.g.,
2s an- ant LB Do e RO AT Pudbelay deinERr el Tvah st MR,

RNAi -i nducing entity is delivered to2a cell or organi smprior to, .

simul taneously with, or after diagnosis of a nmalignancy or a netastasis. A
dosage may be sufficient to reduce or delay replication of the malignancy
or netastasis. Conpositions of the invention may conprise a single siRNA
species targeted to a target transcript or nmay conprise a



plurality of different si RNA species targeting one or nore target
transcripts. [000145] The invention contenplates a small interfering

nucl ei c awodomagedEnce that is about 10 to about 50 nucl ecT/useeod®si3ns | engt h
and is 50% 60% 70% 80% or 90% or nore honol ogous with a nucleic acid
that encodes for any portion of at |east one Replikin peptide or at |east
one Replikin Peak Gene, or is 50% 60% 70% 80% or 90% or nore honol ogous
with a nucleic acid that is antisense to a nucleic acid that encodes for
any portion of at |east one Replikin peptide or at |east one Replikin Peak
Gene. In a further non-limting enbodi nent, the nucleic acid sequence is
about 15 t odi nent
about, 1. 1 BROHIEO LS8 8L A SBEAR LRGP o0
further npipgi74f s ln@teelrrb@rdr tﬂrenpposﬁm@ldmﬁdieéame slmr@sm@fe(aful@ametamgﬂaam&t 2 1

nucleic a LS. fQr ugd epl i kin
Count of KT e anaglsnic Rl Rt R o Ml ARAR R BB P aelisiol 6] Aan

i ndi vi duatorma@m ithgat bblFIGaIAaﬂhé nddoy Tohyf be lpuxd\mdlen;t eht@rlngthpaatnke nt
sufferlngfro e un | et. dat a
Froma sarbuimule felPehg SRS OARAErRR, R Sef o RErBlo B pse T 8RENY e,

mal i gnanciaels aaf the &)Ivm gde deﬁ‘she srervemblt @M&B@Srs i180 gmheraﬂhrouglofheex anpl e a

survey may be dert aken i i C i i S om t unors
Feroved | PARThAE S TPk R SR USRS SR aREa Bt o lcone.
[000147] &@ver@xanmb @ spdct 70M@rfi@lby thetibht7g4 ofide dd:rnartaqk add Remhbﬂwr Rid€ount
Expansi on dex may be created froma surv]?%/ drcr%{)fk?r}anm es. . Create a
Repl i ki n manlszﬁaﬁél?wﬂ%@szg 7Y mEA AR 0 ﬁpmt%én rdhdar d
devi afpi onrgf, 1Bh@sdar&maasexd@ingémgoa@ho&a@mmhua@hd)ﬁavse@&ndqgi dogm@nci es and
the neasured lethality of each ghancy i s, determ_ned any rmnet hod.

[ 000148] wm@&sllkmﬁu%\ﬁlﬁh%fheéawlp@%ﬁwomﬂameh@p@ﬁ 8% KWC‘PI@t‘W%uF ty nmay
then be cglgmgrmﬂaﬁeqnsreh@d {RRABh ﬁ%%a‘ll‘ﬂfﬁae%ﬂmﬁloBh&'ﬁuﬁl}%o%l@d‘@%éjhééﬁv' ation of
t he mean the Replikin Count of the nalig nanc%/ havi ng an unknown

| et hal i tyexcba@ﬁ@tatpérmltﬁarﬁlOWhéamrﬂtqr@mnd@ﬁhr@cfm thyough iy mpstrapiagr d

devi ation Aochidde: 5l & 5] § |, ccted to
have a grég{ %ércgfde{;% %}qlct y@t gg? tlﬂ% &i)nﬁnge};%ljﬂrag%ﬁlte(fe%@ |C!ts$yoofd§%|%ura ity of
mal i dﬁancn@gratmf the Replikin Count of the malignancy having an unknoyvn _
et hal Y] €55 BNACLNRARATTRALLK! fe (RHDL. LT AR SHATIAL gy deviat o
| ower | et h[&iraittoy it dractiviated bprﬂwcon@dbus@d thaetﬂedluictcyrcoift flowef ﬂieulueahdctrtw of
R L R A N
pl urali tyd@fztvgutemlup&xothe hmm@mmexmnnggm@smomtm\em thetdeahd ilicemtios r el at ed

type A nean, Re ki n Coun ne stand rd d vi at an may be
Gob et netrrBneambboanie oy Riirae P pe RO s Rids W e ToF R

gal : _gEancalereaMb mlglda;mnmmih_amld etddghicy sﬁ%}ﬂaﬁt ﬂ%ﬂwbt@d Gﬁmﬁadmﬂ@o&lﬁkfﬁ mean

epl 1 Kl n sormnu one st r VlatIO € rean of a

parti cul a&o @?@ Mg it PRt ﬁ%rbr@ﬁ% 1 Hopyp! bﬁ Owtﬁ?t RIABEHEY

non-1im tlﬂaga&rarbl@gbt arga&mn 6131% a§siH esblan ALK TYs Beoudh dRrHeadRhaaaged on the
Replikin Count data and the data of Batl ent outconme. The resulting

regressi ofd qt@rﬂ?ﬁh(’&ﬁ%‘ffﬁ@t%@dotaﬁd BED ?Cdéhrﬁu%‘r‘d@?f‘é‘éqr%lqﬂorThﬁhE?éﬁJ?ﬁ‘ﬁd

suf f exsi NG fhIMARe RalBchd g@m;m V&S @bfafly Boilddib theQoeHRl cBamgiRRILdRe er m ned
fromthe malignancy. 00151] For example, a Replikin Count determned in a
| ung t unofecp sewalatqadpngrﬁaﬁtplgrf@rrﬁegs)pamnqrwwrént suffering fromlung
cancer (0foodfly Ot N&loffBh ABAIR)sy (BY 186G tteRafQ AHLAragENET at ed
usi ng survey data of Replikin Codl nts of In iVI ua aIung‘tum)rs ?gr any

ot her mal igratoyf FEnd pdfientO thpeoretwordsifaret enaderdéfviperating thesgvaruasbr s (or
ate o gr RS or dfu et Yo, ) En, B RERPE SR IBTIRLNY | rer

mal i @ﬁancy@d@a&@d fone){ahmleRmmnlahdnhﬁ@tuﬂmvmg caohelghtalagd tfeuyrbot dafQ0DUG@] Pati ent
out COe TR b el B P RS P S TG B LT
rate of deE:I ine of lung capacity, etgs Pati ent outco,me may i nclude any
nmeasure of patient well-being that nay be conpared to Replikin Count of a
mal i gnancy. [000153] Replikin Count may be any neasure of Replikin Count in
a malignancy including Replikin Count of the entire genone or of a portion
or fragnent of the genone, Replikin Count of an expressed protein, Replikin
Count of a Replikin Peak Gene, Replikin Count of a protein



fragment, Replikin Count of a conbination of proteins and/or protein
fragments, or nean Replikin Count of a plurality of cells in a malignancy,
etc. [00OWB2Ap10vm9m7survey, the Replikin Count mneasureneRCTh®2omgs33ne best
correlation with the patient outcone neasurenment nay be used for regression
anal ysis. The greater the size of the survey, the nore precision that is
expected fromthe regression analysis. As such, a survey of a plurality of
mal i gnanci es woul d be appropriate as a survey. Likew se, a survey of 10

mal i gnanci es, 50 malignancies, 100 nmalignancies, 500 malignancies, 1,000
mal i gnanci es, or 10,000 or nore malignancies would be appropriate for
STl s g Bes%him s i RAD ﬁiapgr P18 Rreif ifeAfidTith % AEW Y eSSi on
anal ysi s 00155 In a surve gnanci es, nore than one

regr essi ofoualvdlty s extereal hird epélfammocm@fi wcék anq@iuaéor-tymecce@mwgom curves nay
be genera W B0 S may
e appr ope are ik 0RBLE uR bk A SR b WG| BAUERT B0 CHIKED

mal i gnant tottbatof §1G AB Méglreelsqu: dmlec,tuc \iguifl opolipet i f@ndly umpﬂczd thmyglb‘ée q11|¢m:é

di fferent fronhqlrg (%SIOH cu thor E glg L upor s rt W, S

regr essi of- L HVEES SH1YE ré%% § OO FREFaN P ﬁﬁ?pa?uﬁﬁP?d‘anC|es The
cl oser a V@gre@ﬁmeﬂmmmyMenﬂhgamﬂmcb&ﬁgpgﬁmncular data to whichit is

appl i ed, nor e t .woul ected.in predicting patient
o oma 1 [RG IO, PIEg] 3% L it fesd RS Sty aR SRl R

b}gzni gn tﬁmn?& :ﬁ@yra’@le 8@0(&1@%@%@@ stdawe- sﬁle@rh@‘éﬁsfbn%@bl@dhéi@ér radkh Gﬂﬁaﬁﬂﬁrﬂy yeﬁrs
(0] growt (0] t he, tunopr eama nan ave a rowut rate thnat
al | ows | eSdPergially Yaﬂeﬁlmrﬁonﬁ qfelvﬂl?a%ﬁlgn ym?sfzgfetswaersa%h ?Sé{l%adel?lﬁte@ays

nont hg, OFI@NEAGHr dWRpIe! in ADigBidyealhst 82 DiwfitheRedéctii@pE MBSO ©Wiesetshat apply
to different data sets provide one of ordinary skill in the art with many

ways to sE¥inatlée ik fEY BAY facy prseard ithgn PReT-AR P Esto Ao Hetb§h IYHEE of curves
for predi ¢§jR8atEhiiabd srh)(pedl?@ﬁix%sﬁér%rfh CULMBSWVIBY Hehl iTNE@Ithe RREMMAAM al ,
exponential, or any other type ression curve known to one of sk|II in
the art néwinsint Wem@aﬁwrowsm@ckﬁwan [P & ef mpltiplgeracrs 840 dds tanks S¢Umges may be
applied t f rdi nary
o 11 i B B R T B 2 R

generlat edmfeatsc;wdanmepsqu KUH oCoihincles pasrss dvom inl e k2 0k candgsepportohingwal ysi s, or
any ot her skt BRKE! ol AcRiAY Sk REABRESESnketd PR SIhoi! fer no
froma nal I'gnancy. For a patient Ts suffer rom a
nalignancﬂwsavheahhhmpkaummﬁgun&msmuwwadwﬁoanbBﬁbs@hmﬂMﬂhﬂcnallgnancy and
have the Re h gount of a i Ki.n Pea f rotein of
the mali 5 é%lﬂcaoVetthe"“rnr’ﬁ“ﬁ‘é%g e Ekea?lt %1}9‘”“5) g;eﬁ’éer?? ra‘t{j"}‘dlp‘*{21 aﬁ?“ﬁl{heal he

Repl i ki n 6Inan1t longertshie oR@p ltdnk i8MO Be:alhqtlﬁaneldtefof tHR&atﬂtE&’lleetlwieal’[ thptvad gioreiof t he

| ung i an in enerated fr om a su based on
Ropt B Bt oo Sy etk b R Dt R Pt R GRS E R R om wht ch
t he pat!eﬁth$2§uffer|ng The index or fornula may provide a prognosis

oo onancP YD | e bt el s PRk bRl L PORE R SRR "
mal i gnancyonndhi&i t"o%fhk!ittteb(ﬂﬁn?é t QGRS Sw amwéh@mp&@mwmb&i&ﬂhq@d tdognpatd ent
suffering fromthe |ung malignancy. 000158h A survey and resulting

Repl i ki n Bk SEQ Aachay et Rieredt i conageted icq ecélﬁ%lPWQg§0rrfﬁ9ﬂB\élnﬁﬁHertaken f or

any mal i 9p@aRGiNg O hcaRY cSOlRR offof MR thidNB ARV Bt R @a%xéﬁagééﬂak bndwh ik he art
now or hereafter. A surve¥ and resulting Replikin Count pansi on | ndex or

regre55|oﬁﬂéﬁawﬁ@rgwﬁﬁ?“ﬁ s rpdtiRle pravarpre mennigh e & tekrdPathe evelher ei n t he
Repl i ki n Goufity Of u?d"é/ooﬁﬁl 49! c'ai%}‘ul e‘co %@a%iad% E&e%ﬂlo?rﬁ%ﬁﬁo@rof{hgr mila to
provide a progno S concerning the gr or Ity of the

mal i gnanciqyid o@iaihrough tirosayltipf S@V@pe@l thjadjustythearadunpred licgtrameyal Woll  pr ovi de
3 or e elkhgh LLOANANISuI Al cAPALLERtneRhRT| N9 from Lhat spect fi ¢

mal i gnancy specitic type of malignancy at a
specid0i c EW&4le of @n@mmgﬂnﬁvnpmowad@haﬁoemanmmwnétmeﬁmn@du@ﬁmg@03|s for a
pati ent sufferln I i fi nan t .that. |f1c st age of
rowtn. ¢ bouTear e barh AR g0 flecd BBt R0ET R BhuhfR 0tBRhhb e 2%

Fi gure 1 mhlch conpar es the hlghest2F@pI|k|n Count of a Replikin Peak Gene
of various comon human cancers with the five-year nortality rate of the
cancer as provided in Brenner, H, The Lancet, 360 (Cctober 12, 2002),
1131-1 135. The regression fornula provided in Figure 2 is y = 0.0401x2 -
1.3041x + 35.812 with an r2 value of 0.9089. This regression formula nay be
used to provide a prediction




of the relative five year nortality of a malignancy based on the highest
Replikin Count of a Replikin Peak Gene in a representative malignancy of a
known typwoabiomabiignancy. By introducing the Replikin CeamtusedoowbssoRepl i ki n
Peak CGene of the representative malignancy into the y value of the
regression fornmula, the resulting x value will provide a predicted five
year nortality rate. Any other kind of regression analysis nmay be applied
to the data in Figure 2. [000161] The process of creating a regression
formula for a given type of nalignancy or for a range of nalignanci es nmay
be undertaken froma survey of any plurality of malignancies. Once baseline

data is pg daﬂf&nﬂ%{ er&if)gy a?v%lﬂ &Y serdel ewher %L&af@%n@?s&%%@sﬁo@m%? de a

pati ent su erin rom-a ghancy a prognosis based on a prediction of
the rate b3Ags @chhad Vlealc@llmthe h@réldrllz‘fa%ﬂomf sudiggreess ay gopagn Fir. IIZBtlhaI ity of a
mal | gnancyy. |l AQQ402) &nﬁ’{h%% & c%ni?&ﬁﬁgaﬂlﬂe @otﬁﬁég‘% fivEOYRL xpansi on | ndex
or based on a regression ana ySIs O unt and neasured lethality
may be pr@mhﬁbdmﬂ@alﬂmyrﬁﬁﬁﬂ@ﬂﬁhpyimmofumkn@eﬁﬂlﬂmdmrmnmbbéddkbwea thyroid
mal i gnanc tate mal o r east gnane urlnar adder
mal i gﬁanc%g,o me eoffl e “c6r szg ntf%/lgsr?gtﬁ‘gover ecgrc:1 n rérr\}?x tl’rner én fl

col on nalﬂ@maneynmamNhMammanmnmbxgmamqymaanﬁwhg@nmpmwnaﬂeghepn&ﬁ} caV|ty a

| ynphocyti.c Ieuk nanc el oma .mal i gnan gastric
ol T pnanc oSS Ty (B it el e B R ey R BaoB st ormm
nalignancMmkkG@Q&§§¢rWhﬁn@ﬂﬂm&ﬂﬁywOﬁhQMﬁhppﬂMMQh@@h@@khﬂddﬂﬁ@n@mmed degr ees

of malign y may al so he quantified b aring the opat ho | ogi cal
degree_ofC%&??Bﬂéﬁﬁ?nﬁggﬁﬁoFﬁnaf@ﬁﬁﬁFdéﬁ?%) H&A FPF%@ﬁ%gw%rogn03|s

det erigi neghobsom a B@ﬂiobvlﬁlnﬁlF@LlBtth@ﬁ fparaﬁ@lSUng@@ﬁMy anlcenBid bl 102

Repl i ki nCount Expan5|on I nd rmyl a develﬁged fron1r%%re55|on

anal ysi s BPURehtlpRg WOG&\??]E’%th%fankrﬁW pialieding e gidey ofdhessgiver Beky E0zanéd types or

frommali !gwa%kgﬁlzeihe%lgnaltayle%m& QAR bith it f1f09{ thpgé?wrsi{onge &nRbegnosi s to
a patient suffering froma malignancy is contenplated conmprising a Replikin

Count Expaitsitless cvmﬂ@&rsmthadﬁt@)mmrand youét éfhmnﬂawgls;ﬁ%g%ﬁrﬂlebh@éd on
Repl i kin tdlsgfbuh&?m{m' (ERGPEYa4 ﬂ&%d%&&hé@hfﬁa@ééﬁ%&%ﬁef Palgks in

| abor at or practitioners so that prognosi's sed on Replikin sequence
anal yi$i s Qlfdell tndisyribaiteaicedrd clagtimmlaionst wegpgh suipblswiodedcalics 84 foyhd meltiviche
practitio% or laboratory to the patient. Exanple 1 Analysis of Replikin
Count in eﬁ I'ki n Peak Gene of Common Human Cancer Types [000165]

Appl i cant B)O%al yzethepabler rablys &oand &by maﬁlmmemumber@ff diffeeencormon hunman

mal i gnancj e ted in 1 es | i shed at
. pubed RS g REBCY R R AT PRSP S o i Gr BeP e T
t hr ough Rémfdraihlyyshd_rh@n@B@mbmhers M)cpnﬂ!gmpéd toarmmtabllgtrmeme mxblmhlaylaépl i kin

Count, for eac .acceSS|on 0 eq ted li sted
ol | anci e n G RE enbtd Berd enBuA RS orit AL S Sueh EBBBbl | ched as
i sol ated fhe@roupd, ca,ﬁtlamﬁ tieEARArSpanthiEiog Gpvead €8 essy 1ﬁ)sl’[zﬂﬁﬁbn ﬁﬂll’taﬁéx&l owi nary
bl adder cancers %% A?pllcants th n dehernlned I|k|n Count for
al T dat a 11 SabAv et oA FrigneyWithn e@? Oyear for which
accessi onjgoumper s M@mwa\mﬁc@h@anc[MOtQé,ﬁ@hntﬁfgrmédf&sﬁnWﬁsolo@nﬂ\gﬂr&h mean
Replikin Cbunt was not ably hi gher than other Agfllcants identified
the Repl i l6ROYPEHR sa‘éﬁéswt@éé}?tmlsw@%af@%aﬂré%@lanr ISRy n Peak Gene
is defs nes:hb%rgebmes&gl@e&fsmsf&@M&p&m@@a&ﬁg@n‘&meﬁ ng%etrﬁﬂuﬂé%r%rﬁ‘ or
reported protein fragnment containing the highest nunber of continuous

and/ or ovg% Py G RBYICE I olweaefdeidsoplant colirtsafiagemaen dgnif@d piceki n Count )
for each j %@Ea{h Eﬁle"@’&%ﬂsal g?&%kth%&ﬁ}at 5Pbe thii 19&503)%%% hie Replikin
Count, each Replikin sequence is defined as a p ptide sequgnce consi sting
of 7 to Splushiyng seiverdsth¢roly enhaedigghecabigloaguessisetierreudi. ntheanpapng de
sequence consisting of 7 to 50 am no acids) and having (or encoding a
sequence having) (1) at |east one |lysine residue |located at a first

ter m nus 29, 5 He:s SEAULIGE. BAL @b shERS dQJlﬁa LS hARy EGdr AE QL R Jé@?t one
hi sti di neefgrﬁe%|téjé§th% |tﬁq“r@5 ms@rt&e% dhhsunfe tIOt"] %tcsequenc a first
| ysine residue located six to ten re5|dues froma second |ysine residue,

(3) at |l east one histidine residue, 2d (4) at |east 6% ysine

resi dues. [ 000167] For each identified Replikin Peak Gene, Applicants
determ ned the concentration of Replikin sequences by determ ning the
nunber of Replikin sequences per 100 am no acids (Replikin Count) in the
identified Replikin Peak Gene. Fromthe Replikin Count data for each
identified Replikin Peak Gene, Applicants selected the highest Replikin
Count as the




representative highest Replikin Count for a given common hurman mal i gnancy.

[ 000168] Applicants then conpared the representative highest Replikin Count
for each wormnmwoibuman mal i gnancy to the percent five-ye&cTmseaolosdsysrat e
reported at Brenner, H., "Long-termsurvival rates of cancer patients
achieved by the end of the 20th century: a period analysis," The Lancet,
360 (Cctober 12, 2002), 1131-1 135. The conparative data are shown in Table
1 and the conparison is graphically presented in Figure 1. Figure 1
graphically denonstrates a quantitative relationship between hi ghest
Replikin Count in a malignancy and reported five-year nortality rate.
Exanpl e 2Bl fhl ARl B ol ol YEmbf IRl b P EHIRG M 130ARE1 2ol 000169
The Repllﬁln Coun an |§ent|f|e Repli kin Peak CGene I's anal yzed

fol I ow ngthségitenef ﬁhgta@k 8@ vecrapte aydlurnd of lipidpenbnebedfecatcadhgapecteref i rst and a
second na| oW [ otein or
protein fréé‘geg %E(?Xndﬁhe{) 10kenaégtﬂ%a‘§1?$l§$ﬁlcalﬁ glo{é‘/g)ég%ﬁet lec:tr?cgnqglhagé}%l e Replikin
Count of thlrmlgﬂdwlphlwaltrty I@éakve@iﬂenplbvctdhérefara‘tsy, tiathoupiag ogmbsrs e@npared to t he
Replikin Co t he Repl i Ki nd nal i gnancy.
AR R T PR e VR et T B R RS e R e
mal i gnancthe flotveoffitier dBdleanmad ]ncgmambjant Betm@dhec@leldlntya)f ha‘VleaIE{ agrehtatl ksaredry, hi gher

l §gnancyen e pdorgnicis el Sl bt Wy FRer Than at | east

t he seconehhraﬁdeugnancy, the fi rst mal i gnancy is predicted to have a

relativel | ower te of licati o reater lethalit n at | east
the secondHdl | gnaﬁwan@%}h%oebe?@ﬁéﬁ‘fg? %{f %Tmlﬁé?eé{“? W@l%qfé}\{ o} ¢ ease of
G owtlly Rah&tdafliqivhil dogiaai ¢yirthQ AR1apPdrathh 00 @hpintMEe & AhRvEle BPABERL inthd he rate
of growth of a netastasis of a malignancy is predicted by conparing the

standard &eW %ftf}r%Hl%@p efrlee Hretuis 2pRABHYIRY @o«ﬁlﬁkosqslft%lﬁeth@réh%ﬂ@ a genone
fragment, [oab; exprg%ﬁﬁg s%l@&seché‘ﬁum@%()eaf@ﬁésﬁ%yl%ﬂ}a%h{ﬁd cB8la®t FRILPHET N
fragment of a plurality o primar gnancy to the standard
devi at i one’ﬁme%lHi’éatr?é%mnﬁéﬁ?fpll'@hﬁhwﬂlﬁg@YSt%@t@é‘ﬁéﬁﬁﬁ 81%%}@41@%@ theeogleght , al |
expr essedy ﬁ}l?%%' \E‘Iﬁnn R t$kP RS f&Hd PER ‘? y il tﬁro@é}?éagﬁ RisbIQORERE o, @
plurality o ells anetast SIS O emalgnancy The nean Replikin
CountlSof exintbroagh ﬁl@logtlmwelfmhaeﬁlw @@kbémnbnt@d?l@& § thrw6, ecinleReiping kiay beount  of
a plurali ' [ ' r or from
2 Broad 1 ooul uTRLOR! SHERHOAMR Bk A% Bl B oP Sk LA JRANEE P71
mean Repl piking n@yletlodated acgpénthatop toy thefranke Ths corﬁﬁgutvéioppemausyherimhudgnancy is

greater than rd deviation of the nean i
plural i tyCOOO ant[ ﬁ'?a]tesd Qﬁiet eat gen rasl%gdcoméoo ?ntts[lﬁ the SC ergsﬁg H%tura rlse Proug}htglgn

Repl i ki n Cownt arrdfexatlpbu,ghahe frglatq)ﬁneﬂmitthsta%§ Bfeca:mm qhatﬂb@ni telaltlae/lymgvm simlar

of 1 et gy e GRS e SR BT RD s BBy Ve

rate of chapgawr®) the rate of growth as conpared to the prinmary malignancy.

On the ot and f thesandard evi.ation of the nmean Replikin Count in

a plurali [@19,9 cem*lseraartwewe ql lplgh%\ﬁ@gvﬂ?tspmlﬁ%@ax hﬁ‘aﬁwﬁ?@ s¥hndar d

devi at i onthaf tht hewdie ﬂldF&@@iahtlﬁMy e@ﬂlffbtm 1hB i tapbdidcdtord Hrodbh Betbs” pdnehhe

metastasis of the ma nanc%; (ar. of a nean Replikin Count of a plurality of
2

net ast asedt¢ ﬁhﬁﬁ?t&étqt‘éﬁ%dﬂfﬁ THRJPIRE §YSHRN}- a?her?ﬁll?célﬁ%ﬁwgd’fanmoﬁﬁﬂlﬁ hB?t%d range
of malsi gnAaRGH B IAERAh&hdaY dxchh rﬁ??e?e%hﬁ‘é&tﬂea@fsohﬁ%f%'h'eél@ﬁ%%d‘ﬁfonp{h@d' cted
to experience an increase in the relative rate of change in the rate of
growt h asingBHgsksedd™st o the primary nalignancy. Exanple 4 Replikin Count
Expansi ongohgieX | MnRohREANBIATAEA! fnd/Bk bAGARGNIRY i BT 00171]
Replikin unt of a genone r genone fragnent or expressedp proteins, an
expr essedfgdstrduing oeoofng medinmf(p.gg meramaot campinentaland segiohs gehinghe r om a

e Snancier it o1 ARk DA RRLLIELD SPHAS BB ATGELLSLEATL RS RRC! i C L1 e
and/ or specitic anatom cal regron of t are grou and a nean
Repl i3Ki n Gouninents arhl rsglalrm(mlltldn dl@\zi:raer's oﬁoélsntdibvveraman@/dr &msp%écdml@pr oup. The
cells maya es‘uljd 10res nse oacomp%n € atur%m?qlrs{ijl t\%sa{[ ars dgte(%nmé e mal i gnancy,
or may be of Unknd origin-w K The ppalen suffering from
t he mal i gnancy. [000172] Repl i k| n Cogmt of a genone or genone fragnent or
expressed proteins, an expressed protein, or protein fragnment of at |east
one cell of a netastasis of the malignancy (or



froma malignant cell of unknown origin or type within the body of the
patient suffering fromthe malignancy) froma second tine and/or second
anat om cavonregvassin the patient suffering fromthe nal Pgmarsego9ios33os
determ ned. If Replikin Count is determ ned for nore than one cell, a nean
Replikin Count with standard deviation is determ ned.[000173] The tinme

peri od and/or anatom cal region having the | argest nunber of cells or the

| east variability anmong Replikin Count in cells (or both) is chosen as a
control against which other Replikin Counts are anal yzed. The Replikin
Count for each individual cell in a given anatom cal region at a particul ar
time is cg ﬁ&s%hte@en%n@h@aﬂm gboﬁ@yadaﬁfg'ma‘uﬁ%g&}ﬁn{@ﬁp RERL b Count for
all cells the contr regi on thin each region e number of
Replikin bﬁiwtasmagn@an mecr;ﬁhé(ﬂseomefosw@mm tlleaempmenbnarmfacnh@) teoweratnd t he
nunber of t an is
determ negﬁﬁ‘%otrﬂll(elesraa Q?F%’ n?%llﬁggtﬁlg:aaggﬁlaﬁqgn e&%@?%{ﬂl %ﬁ&leﬁ ralt Jlrngsta%a%ﬁ ki n
Count s graah@hlghdammotanetempaaMiwtﬂatdel&rratntam @inptinat Mnratmsestbleb)w ai vi ded by

t he percent .of Count.s S st a ard evi ati on of the nean
to provi dé*a"1at %‘EP Olcf)r n%nﬁp eﬁlcan&) %‘H%x § Ogsnnq %ﬁdex I n anat oni cal
regi ons hpooilonj an Mndmdﬂmdtvélogrmﬁgmenmﬁmrmomeg smjh a® X&ipsd @m&%ﬁ)rhdye rate

Ree] naex>GPot Bk TRRESIOEREke iR Bl oo E A€ LGP of 't he

mal i gnancyetivéenphe€pluetigof sEO80 In/dikh taspaiiad @k ﬁﬂlthdflﬁgﬂoﬁftﬁ‘tﬂd‘temeuon the rate of
grow h of , a maljgnancy is predicted to expand, a Repljkin Pea ne is
i denti fi eH‘CTeﬁseéL"c‘é‘P‘lmgrfg elactrﬁ‘e TR AT I @ndrﬁﬂgwen&'ﬁaﬁe °Vhe mean
Repl ilgi n §ometodiib thfrch%h@{bqﬂ&ﬁht‘}@l‘ sdr@GH. Ather KORabREMAil kb gndRedikn GaR&sand/ or  a
Replikin pe t|de Iurallty of Repllkl n peptides) within the Repllkl n
Peak GenelFidgpgzg é’él’u%I% ahthe srdifgderifort GRpening e iirayhies 12 band/ or
ther apeut jjigccRUMROEE the d/éslyeafeﬁirpgo@&ﬁltmtqutmo%ﬂ%c{hmrm th GRHAEY thb S
manuf act ured conprising the inmmunogeni ¢ conpound. The vaccine is

adni ni st efleid velgci ofjtheliaid epslaakheaveh fy seREisgnancy. Exanpl e 5 Deter ni nati on
of Repli kiggigyunt e, RepldyioRt RedHoPRB6of e AN oloifth BELRTuaLQ et om
Topoi sonmerase i n Rat and Devel opnent o I obl ast oma Vacci %e I n Rat Model
[ 000175] A¥tiadhy appamiysBed v nyfre detiihdd cméhedelyempeﬁg@stlculfsthn,dm ot dra
mal i gnanc ri dat a
fromthe %‘S’Z?f:ﬂgedl H@%ﬁ?@%ﬁ%ﬂ%ﬁﬁf&?{%ﬁ%}lov pr edrﬁ atr&1 pl‘%w *1 iﬂaﬁ}é&? tgt ive
| et hal i t ythodugbachlumeldf ioad cyelarTiie2 fdrlgbdelsx tthpthnkDﬁth&Jdmf thmtaak Repl i ki n Peak
Gene in an_am.no.aci.d sequen i obl ast nt|f| in a
7995 t opol 2BMLPLLR e sRARE F0F B oS KB ol R ARERER UR e R b0 aken
froma st adythef thtdugh @6 bgitdeVZasfttbmr‘&e kdck lthironezhithe sl‘darewaa/zmaacﬂ sut tiinopg t he

the. [DgheSte REpHe MReb Rk i s RBE PR e R SRy ARBB R RT Roount. of
316 Repli kdrﬂars&qu@mme%mffad&ma)nihla@lqaﬁlcdaaﬁmh@h@rtﬁwu{?@t@hpukg lacdeenk Gene.

[ 000176] Accglfm on unber OWJLO contains the follow ng amno acid
sequence: [BOBE 7R OFf ta‘i’lbl | owi ng Replikin sequences were identified in the

am no terongd) of yﬁcsq@l&ﬁboﬂlemﬁié@ion@ws l—nltml@llm%% tORBLEONTAL
COVPUTER SERVER RACK AND 'SYSTEMS AND METHODS OF COOLI NG SUCH A SERVER RACK

CROSS- REFRIREREES1eys REmbadimenta By, SEATOONEO] @d@@? ofrthp SxWHAPPRAS ShPW ai ns

prioristy pufsdant 4 tQd& thet% eraﬂule%&f@reh&eoetv@ehQée«v&gle%r&m Egg&b‘n%@nm pat ent
applications: Serial No. 88,589 entitled LIQUD S HORI ZONTAL

COVPUTER SERERS hm&:r@dfthq: bqind\e@lm mediumagedto cs@rth%w INGferaMy 153ndliem entit | ed

L1 QUL D SUBERGED o1 SO ALy QCNATER. SERVER, BAGH gl bicah 25, 2009 and
Seri al 61/ 16 470 entl tl'ed LI COMPUTER SERVER
RACK fi | econymnett t@per@@oduring dpemtiaFb vENTIcON off 6BgR]unTHlosvablspbretitg on

I k
mount ed s rgeplh. sl B Ao A BB BB S S e s 8 et er s 1 n
t he UNi t ectdBtiag ths pOWwkrSopsuacd cusrbethe Elertraoempbn&hs, as compared to cooling the

component with a lower-temperature cooling medium such as refrigerated air.
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(about $4.5 billion) of the total electricity consuned in the U S. This
data center electricity consunption is expected to double by 201 1. Mre
t han one-wbi2oth/aps1dat a center electricity consunption i ®Ciras2ao053i3ng
servers, which could equate to nore than about 1% of all U S. electricity
consuned by 201 1. Electricity, personnel, and construction costs continue
to increase and server hardware costs are decreasing, making the overal
cost of cooling a large and growi ng part of the total cost of operating a
data center.[0004] The term"data center” (also sonetine referred to as a
"server farnt) | oosely refers to a physical |ocation housing one or
" Ser ver . fooh i) OMer b AME i i ABPLBc A, il TRloks HOMRAIE
unobtru5|ve corner in a small office. In ot i nstances, a ata center can
conpri se b@n@r@ﬂmmam@@ﬁs&méméﬁbm@eg%b@@dﬁbU|Idrngs encIOS|ng tens of
t housands Of squar gesfc a”aganq‘l%’éjﬁulﬁg nE I‘é:(r:)al’tl Lt‘hrou %fﬂo%ego\ﬂ oL The term
"server" generally r ?l%g evi c&connected to a conputing

net wor k and er unni nlg:nsm lhwaﬁeﬁof@ﬁuﬁiﬂar@ beeterically eedlabie rdck gurstable (@ves, a

request to access r to stare.a file, a request vi de conp ting
resources, a r%@&ﬂ? yd ?Sdgngéﬁ ébrtco?ldlga’i‘fgtrﬂ’é‘rmag n?oélﬁic)a“%r% E‘Prf“é‘ﬁrtc ?5rrput| ng

devi ces, includemmﬁﬂﬁaﬁ@ﬁdumglIuIar phones, al so connected to the conputing
networ k. Such servers nay al so include specialized conputing devices called
networ k routters, d@nafcedisas f&am plbheaggencpiaa compaagab indo the diclegiiciguidy r ays, and
other devi ces GOETOiuPHS AHALESE Mt dabRinsePh&fional APQHherTiR) B
commerci al |l y-avai |l abl e servers have been designed for air cooling. Such
servers usual |%n€Bnpri se one or nore printed circuit boards having a
plurality of, el ect 4yn h i nted
circﬁpt boar ds are&%%ﬁn%%ﬁégﬁgﬁgg qﬁﬁﬂgﬂ%gﬁp ogﬁgsgﬁd&?ﬁgmbéngﬁﬁ?ﬁgt al | ow
ext ernal air tdf afdiffescntiné¢rect(he., emedrosummae, independehlly gserablit) of t he encl osure

after being routed hrou h t he encl osure for, cooli urposes. |n many
i nstances, One or g ‘ﬁéheatra‘el“fnd a‘trgdok’rﬁsteﬁlﬁira%ﬁeﬁ’gﬂg?eg '@ to facilitate

this airflow Heo6@hlly Bacdash ohdy idba®al ek Bethgafi@attid 2:eths eMeérahckser ver s.
For exanple, several servers can be nounted within a rack, and the rack can

be pl aced wi® hin agH%¥é@E@H4E9WS%ﬁvh%FoﬁaﬂP@dgd@@ﬁbdﬁﬂ%@“ﬁ@@@%é@m such as,
for exanple, ngLWR oWt 6fBe sdird-drive arrays, data acquisition equi pnent
and power supplies, are commonly nounted within a rack. [0007] Data centers
housi ng suclt ser vemsy enedlurdakesity fugneaniegion, sugipisdant $ppediingdwldtipntte ai r anong

t he servers us I ) nore fully described
bel ow, air mnt%@%ugﬁggg%igh%%ﬁ “I&%E%a (glgggéggvéﬁrough a heat exchanger
for coolingethe a|mqﬁ@mgﬂm1mmﬂbdd@mnﬁbbmnmﬁ1aavapmnnmmhwﬁ&ssbnnndwmle

refrigeration cooling.syste r.".vapor refri ati.on), or a chilled
at er Ccor 1) berBPEPeEN G e Shpolf e U Ghenhfs B " he heat
exchanger has beenysaDapdn@dlégi)tdiBohids kerhfRrdird YhdBow E@iikidneinathe figgel i ng of
air before the air enters a server. In other data centers, the air is

cool ed bef or e @RUEH ARl thp RO CanswBIRtiRR Of thowasTs and coAHesXIcm & BEIPBA
conponents of Qi g&int BL dﬁd‘v&%’f PAq0Be SO ICYE e Ghe i Rati® 16 05115 e NeitRendror €
power. However, power dissipation for each of the various

har dwar econpo rasthed, therehy engbing the dagrcantetp yesapturedieyisif dosieble rprdlissigitger can be
constrained byt &t quw@ﬁlog%fﬁwenghéﬁep%@lghéayre@ﬂhﬁg Mot A&ALHING generating
conponents the airflow speed and airflow path through the server and the
packagdi ng [(9106ach Figs pedenieiea sabpmatiraHustraign vtell Jysterm fer agabagmwttiplel owabl e
operat i ng{,aanef %&diéaeseﬁf r R SRRPEH e%éh%%n(ﬁ? Qe ath% | LETRGE aLa& of the
cooling air entering the server a roma ta center ousrng t he server.
The tenpenanuﬁeinﬁaadmapmu@tHéaqxéngEﬁkmgmﬂheﬁseﬂV@cS¢V®mmkhéﬂdandycenter
in turn, n y of
adjacent se 5@§%bﬂ§k¥ﬁg&l &Fﬁwg @Pwﬁﬁ‘@ﬁ3§ﬁﬁg’ 8ﬂmgﬁgﬂféﬁr%§§ a region
surroundl@gmmhelmemgéﬂzcdkmmmwnmaedh@mdt@nmmﬂang@uoﬂnhmmumpksemmer|ng t he
data gcente h, heat extracted from
the alr wrekt rieREPRUTLS Bk oab o Butao §OyERP E ik S S SLRA 4hY B er at ure
in a dat accﬂEaE@heaaddl lioukl cealaht th‘leugrlepnpmg 9P6 toenfluid Gndd(Rsh pata cachanggher power,
and thus allows each server to dissipate nore power and operate at a | evel
of hardware performance. Consequently, data centers have traditionally used
sophi sticated air conditioning systens (e.g., chillers, vapor-cycle
refrigeration) to cool the air (e.g., to about 65 OF) within the data
center for achieving a desired performance |evel. By sone estimtes, as
much as one watt can be consuned to



remove one watt of heat dissipated by an el ectronic conponent.
Consequently, as energy costs and power dissipation continue to increase,
t he t ot alwoasto/mbsicool i ng a data center has al so i ncr ea®et/USP@ODH8I303 n
general , spacing heat-dissipating conponents from each other (e.g.
reduci ng heat density) makes cooling such conponents less difficult (and
| ess costly when considering, for exanple, the cost of cooling an

i ndi vi dual component in a given environnment) than placing the sane
conponents placed in close relation to each other (e.g., increasing heat
density). Consequently, data centers have al so conpensated for increased
pover di S&|Paj. ARark R &ﬁé&%@fnriﬂn& fnd RS sene%eu%&fb% taerc&%g&g\g@) by

i ncreasi ng the spacin et ween adj acent servers tion,

| ar ge- scaﬂewmatlralnweﬂiﬂéhrgughd\ﬁet qzclmgcte?dos@bmoe)lm&ﬂmﬂ|1rn@nesﬁlégerstufrors cool | ng
heat o1 SSLORlR0. SOMONSELFac ROl rGXAIPb oot SN 36 G091 ARL & 0. 1 vaLer,
can pass over an evaporator of a vapor-conpr I on re ‘rigeration cycle
cool i ng sylstnemljadﬂcmd(fmtﬂlthd dlmpafmgorexcanpirg,thalmambsqrbe@ﬁf thetorlmgbei ng
dlstrlbutgd throggﬂmgwq 1dcmf“er for cooling air within the data

cente? [0 power PGy by a chiller can be estimated using
|nfornatlgm1070n1sTmnﬂekdﬁqmécqﬂmuéﬂhngﬁﬁmﬁae9@8¢ﬂh5ﬁmﬁethm&eQH)m

comon coftph uaBre e trivehsRERERTy N Pl €T eanlBrfomiler age

Coef f i ci enle fidiPeodREdBACRIME OO "Valids OMB,5n G, tage Muidl) cotirpremii gagalionot he
cooling capacity .of _the chiller. This does not include power consuned
by an evaﬁ@ﬁ&@*W%n%g%ﬁPﬁﬁIWHQQFsmVﬂ?%WCEEn be used for cooling a condenser

in the reL h@gr at|ﬂfh&ﬂ@&l&rgmﬁnhﬁﬂ:céy§ﬁ16ﬁﬂcﬁiﬁ§ s@8NEb6Rthd ¥nipestude SR of 70, or
better. e conbi ned or atypic systemis estimated to be about 4.7.

[ 0013] Ach%'ﬁeé.lnaldtceol%tr?éltegﬁherﬁﬁltve‘sracledhr@u&ft congoldinet i e canfiollecdpt ers are

capabl e oals&eeélwﬂon{yrm 3ReH oflt’éQﬂmtm&eonﬁé HGAY8SRant QQLario@SoRBRSR O
cooling the nore than a%out 1, er-square-foot that could result

fromarr aﬁgmﬁ@l%@ﬁ\i@pﬁgh Q@nﬁ@lrleleff 9135I %Fld(fhel W@tedb@nglaﬁp eu% Perhirqueh g

closely spagiNghe3 95y S ARfIcRoHPmbLaliPebeifdthbiokihl LA fel.ARE ol cei 1ing

hei ght and fl oof spaCI% &ghﬁn ef?§f?nge éXa cetr?teéllg h’ éfémfcoollng
capadidty tyapokiegenidhiycaplingapnerdtus srlecked apd dre flofv tatgiolf mengolalgdhudamd%t er, since
data cent gquare-foot to construct

[ 0014] ASQ% gﬁgg¥8gﬁ%f?%mgg§&1ﬁﬁeﬂgn%%9%§%9%§ﬁ2%$C|aIIy avai | abl e net hods
of cool i nfPonetie noAsk@p@u@ﬁdﬁwmhaﬂTmemomeabr%Q)qenmﬂmnamﬂwdamawmgmner

perf or ManGSe pr}gce ds,ses the 1nft0rhn%1‘u%gI;e;cgiS Fc? fr' nl%t rlgl\{\ét Dod; %rlheait hal 5 t}relsslelte ted éor‘ls a
consequence adain W Sservers to existing dars econe

di fficul tolannhm:elmzﬂt@bctelgpetetnret the emefr@y)ndedﬁbdpé)ad@ﬁbtddd)yfthmylsletrﬁb eo@ddi ti onal

pOV\Br dl SSI | SucC | nCreaSI n n XI Stl n ata Ce ter' alr
P om0t oor Bt iR et BT A BRn G Sn e VoA S0 B3 | ng
data cent @i&na900 comPoricnBaRa &1ils be @ceged, to lSaiigin Itheobwvdtec edlpengursysthens, have

met with |.imted succes For ex atte pl ace heat froma

mi cropr oc %6?00?% CHHERe A ﬁ”@alﬁlpng}e%{%eﬁ&@c?ﬁwnam9%5)98@13

el ect r oni 6f Hewisteth WONPARARY by &Rl dof@dlicY 82(VinEIed &k erhid eldmy @igin@atidn " Chi p")
for renotely cooling the chip have been exBenS|ve and nbersone. In these

systens, SCVHSAPOMRAPYRY ﬂt?rselaf%re?k%@epwn@ Crbvplves 91ﬁa@e 5@@%39& Eedin
physixgal FR R AGind @€ 116k 08 the MBMSI KRlid ERlaat b@NeSERPdRy bhRMBBbpdhELT ace
material) with the package containing the chip. These |qU|J?cooIed heat
exchanger ke ¥ad-and hisiselagte S%@,HGP‘JFYG,‘%SPOIUi*ﬁ?é)tli)iﬂ‘l‘»‘édusfIowchannels for circulating a
liquid ingRing 1y B c%n!?@?e&nfa Y GBANGR nROBne ERIRREid & (PORaRSY n &a@fat i ons
within servers can var romserver to server. Accor , ese

| i qui d- coof thngalse,%s%&tmadmv@e belame gétic dlwdfthsrcoplad ﬂlqmdbmlmprmcn@ﬁht: | ayout s
and have chi eve | arge-enough econonm es of scale to becone
connercia? %ﬁwﬁgangw%Q%@B] Research indicates that with state-of-the-art
cool i38g, POESI] (as Blwfqonedleom(bm@eCMOmWélu&[h?eﬁ@it)’ aggmchtadionidephces lrethe

ment i oned bt niest or D E g A FER AR LOuPRR bbBE s T edG A8 "
expensive,eqU|pnent [ 0017] InnerS|ochooI|ng of eIectronlc conponent s has
been attenpted i n hi ghperformance



(e.g., conputer gam ng) applications, but has not enjoyed w despread
commerci al success. Previous attenpts at imrersion cooling has subnerged
sonme, andworropaesiznst ances all, conmponents nounted to &CPAISRAQMSIZ0F Cui t
board in a dielectric fluid using a hernetically seal ed enclosure to
contain the fluid. Such systens have been expensive, and offered by a
limted nunber of suppliers. Large scale data centers generally prefer to
use "conmoditized" servers and tend to not rely on technologies with a
limted nunber of suppliers. [0018] Control systens have been used to
increase cooling rates for a plurality of conmputers in response to

i ncr easedgw%nugawl AH293 00 AN 0 koA R0l YSEHERRK ot i EFmOAYRc
controlle ol'ing systens that dissipate e data center

bui | di ng plitﬁt(é‘ralpdjrralay pf fonpridety donling apnarafe 8l 364 3pe ewgloenilnby thei r

condi tion ' t eat
d|SS|pat|%%gaﬁﬁg%ng%%ﬁ%%ﬁmgiﬁgeﬁﬁﬁﬁgg&ghhggmgéicooobﬁg&%§?8g§¥ ﬂ%r

i ndi r ect | ymoune glihcatlsing giecttd bathe samm”ﬂesorxd&ryenelur@wppe[raﬁiw ad]“mngﬂlase
cooling syste h due to technical conplexity, they
have E M%‘guﬂigﬁo mgcé‘s@n%?efsgc nda &m JRPE*8Y sufficiently | ow operating
costs to justify investing in two- phase cooling capital. Still other
single- and two- phase cooli cool ant nmediumto an
exterior of the conputer, ggﬁiﬁé%gqﬁE§thngﬁ§ooling medium (e.g., air)
external to the conputer and within the data center (e.g., within a server

roonm). Accordingly, ea nmet hod of server., or conputer coolln ntIy
enpl oyed il E?rev. gﬂ{ St Ry R 619 PP?/%‘P?‘”&%&%H%‘H% ¢dyand/ or

i nsufipi ci gﬁ&abu@semestat ldaﬁfp@ﬁi%llﬁﬁnrﬁ@@édl Wighifl NG Sod¥int GRIR WitdnRGvithei Ces.
[0020] Indirectl many researchers have tried to reduce the power of

i ndi vi duappe@dwﬁ%%éfﬁ{ueles dé mghedyaaydsipsed wimplepentibe oems af Fikbdgrerchi ps

capabl e ofpdehd ¥ehbdEcHES Dl 1® PALHAL rEBJ‘él@cnlmechﬁl'uﬁchHn{ﬁ OREI &ldupg at a
| ower relative power have been offere % manuf acturers, such chips

have, to theueh tsedyralify pérrsyoyelmngsied eihen Pgheﬁfé@élhﬂwg Ca‘ﬂ@‘ﬂé‘a&ﬁbé@bméaﬁat e
have resull&d LRiAfa he%e&gqlssf%a@!ig?tﬂe%&%larscﬂl £he8thd £hd %&aﬁﬁ) Sypption, a
| arge capital |nvest t an I'ncrease I n é re expense 0021]

Ther dfor eliquithegadang xti a¢ fogsttohe logetes if wonigmedfyf eemirglder. &f ftépcidethe carfrbllcow- cost

cooling a I for

exarpl o, - LAERIRS W8 (8o BOR LOAUE BELRARLE ROTRRR AR Pre ity

present |mMEQMqumpp@ﬂmdesnnmveheﬂppamaﬁwﬁvmsywmQMsﬂwamdmngMGdedwﬂr
efficient ll}{‘ﬁmen h/' lH‘%llltn%f de?\\f/elrsc \% ile reX tFee a?r}lo&?oﬁrng}gl ngns%}ngg % roni c
conponents suc 5 e epende opera LEYVENS” Prrer sed
in a diel mfﬁanemlyldoqllﬂach ﬁ:mlcavft:tservrar aAi;aawousﬂ}Od}Ra]bea'hbe &yetmradmpymimc| ude at

| east, one t ank erior vol une v oolant inlet for

F ocei0) g BiePERIMHEhelrab s Phrre s Vo AP HE R R F TR and havi ng
a cool ant camiottele fodm tahp@wiiRFoi enads ddEicived thad theagint@opeamissibe f1 ow from
the interior voluqﬁ the coop] ant inlet an% t he cool ant .outlet being fluidly
coupl ed t ETRSRATSPiHRG MOY SEnsEe Ret genRinE @trqpéq,@g}pgn%g} P SREES Wit hi n t he
interior wel varencRBrARAHérddicelly Qs HiRnYrol B6RIeY & r@ge&'th'él@éat dkorBbd
|ndependently operabl e servers; a dielectric liquid coolant; a heat

exchanger Hh6|181119 cegleip leadimpiytaihibe i serlar gxifing thSﬁert’?féa‘dPe?é‘é?é%d one tank,
the heat xpRARGErMRRHNY, Bl SRy sdeOfRREQ ofif PAPphes tRkimBe Ri¢Eobhui dI y
coupled to the heat exchanger and the interior volume of the at |east one
tank, theokAmsisy Berded tekarongumeddo maintahthp cliyatehiempergirarnd serldhr serisfough a
f1ui d i 1 UG slep 20AnEiUid Slodik FEHoyRRY LHAR et RuIEPTRE Coo! ant
inlet of the tank to eac rver, a Secofd circuit portion extending from
each r espewhinger. slastep 22 taportien o o lamttabembetdéiy thaliqud eablagk fromithe ssovetsi on

ext endi ng. f 1. I urth

por 1 on ot SR e e Bk QUbh B IR, Wi R BNy Pl ol

cont r36l | eperfodrcalrlmdﬁtdzrmnnedght hmourenf)lmaaltelswed dfroughehedheel @cchamlgcr ibi qui d cool ant
at at | east. or .adjusting the
Flow of o e E6Rse et dh Dicherio bt Sl R bR 6% U % der
that the dielectric I|qU|d coolant i 83 mai ntai ned at an el evated tenperature
as it exits the second circuit portion of the fluid circuit; wherein the at
| east one tank is configured for containing the dielectric liquid cool ant
within the interior volune such



that, when the plurality of servers are nountably received therein, each
server is subnmergedwithin the dielectric liquid coolant for sufficiently
cool i ng exohloreeapacti ve server while maintaining the exipCrng2éveaszsds | i quid
coolant at the elevated tenperature to reduce the anount of energy consuned
to sufficiently cool each of the plurality of servers. [0024]

Alternatively, the cooling systemincludes at | east one tank defining an
open interior volunme;, one or nore nounting nenbers positioned within the
open interior volume and configured to nountably receive a plurality of

i ndependent|y operable servers wthin the interior volune; a dielectric

[1qui d cogbaml EhbEHARMichily fodd &S blufdity ot EES Wibie LALAHO e YRS Rlger al 11y
of servers; a secondary cool1'ng syst nfh_V|ng a coof|ng ul fromnng ina
second f | edetiycdonpmied tokidtieipnilytdeel elcispeiatiye ssoet.i ng systemrej ects heat from
t he cooli ui d; I I t 10kt for

t hermal | ngcljydl i ngIt eogl? e n%:iegltg%?t rn?%’ b\ggtg%%ﬁlte tpglgﬁh%ohg&gg}%ﬂgnﬁlg%%}ﬁﬁehe first
fluid ciracluht ligyd toakapt atreulpploi@hiiang, (o ths dlowents ohihe hiqmid tchdartalmkughah¢ he
cooling fluid.in the second fluild circuit for rejecting heat from such

neat ed ai BUSirbit: UE R BNl e St G eshPhaffl GBS enbfBuc ur e of

t he di el ecdnhbaink itiguedp@eatoteaiphalabutptittddédgStanddre coramaiciatin avditable Rertdretd | r St
fluid cirguit and for adjusting the flow of the cpoli flujid.through the
Second 11 (aonfiiEn el 1 Py iy neRhadtseRamer et eipifis sbBor ant
exiting tkevad wrted donyoldr. servers i s mai ntai ned approximately at an el evat ed
t enperatu erein the eleyated tenperature i tenperature significantly
hi gher t hgﬁlpﬂe t yBiTERPIC NG CEHBY @%W@@%@%%#&@W%%@%d | ower

t han fohe fRxX iH¥EehtRATcFingE hdH odich ByRBls@ i HemPing ke o MS tiqHi BSIIdnt WRopAake
generating el ectronic conmponent in the'plurallt¥ of servers; wherein the at
| east oneP¥mnkId the beshichuneatrurbhacptiarin popjant metiog BF suy e & thy gevatrdc ool ant
Wit hin t he,Bhekd QFEMQIYEE0IS HebidnaY of WRRR IR Pl3lihd dnRht SRhMEYS are
nmount ably received theréin, at |east a substantial portion of eacCh server

i s submer gedumgd Rispfficisativieesl eash rgspedtiveargrcool ant for sufficiently cooling
each respgpliyMe seVv he, Ki: | f&bGd X 1 Fﬁﬁﬁéki ui d
cool ant ngﬁnfﬁinjnaf?ﬁ%%?ﬁgﬁﬁd g%@%a#?’ ?%?%Pn Ehec%#hfg?{ty o éﬂrvers
at appr oxfurtaeredepicterién BIGS, at e heag psbrieutoe direstly eclestiog here framsbnltiquad  ener gy
consuned. LSYihbEL A BOR! PR SRREL LNGHOBENES cmb B0GPRAfegmat | vely.
the cooling systemnay I nclude at least one tank defining an open interior
vol unme; othernpydynamie cyae niniting emeodimers, thosten diohadally tdiphng the ligpdroélmtter i or

vol une an onfigured .t ntabl v.receive.a pluralit i endent |y
oper abl e gsioear \%tr%(gvﬁn?%ri lrﬁcci]tl%gﬂ}er?% rol&‘glrlfpdi:o Oﬁﬁlén;g tge é‘iuéc, e arn?{:o ﬁﬁ%ﬁ% cool ant

ci rcul at i hgatedihaat éxichatgef dnditieh fbaw ofithé liquid ceoddnt pdsecsphrangh outtlyt pingerther s; a

secongdary, cooling system havin cool i flupd flow.ngin a second fluid
crroul widh B B R EThA R B RGeSt b ok R BT B Br PR et 't om
t he cool i ggpsfdctiirtlig i tBiQ WidbedimbrGadee thritibeldinin thehedionl veidsthe Bderiftvnkof f or
thermal |y ﬁﬁ¥q£§ng heated dielectric coolant fromthe portion of the first
fluid cirEWY iaq}%ﬁihe plurality of servers within the tank to the

cool i ng floeit)i N theosReaftwih the dp&hticalifthd Qblifiyeehi200 iR Biihd he heat
from such heated dielectric coolant; a controller for nonitoring the

t enper at ufRPIF Steler kekexebanert faridyestly relsdingheatdionythe heatedliqyideeoplgtat i on

Wi t hiog t N inG Sifrod dhthDsctiekCHiotis RBAed Alernh éSthk RBK LI Thamerdd dthe cool i ng
fluid through the second fluid circuit in order that the heated dielectric
|i quid codireatiton ek this sygfemPA0 pmploxs # sogorsk tyeeefibermoiiynamg gyelsi dadhiappr oxi mat el y
at an ele i : i

Femper at Ul R TRt M P B

t enper at uthe chQder lnureneslanid alfiowdiuic featront e frivikinwd wirpat thiovgh gdch of daper at ur e
of the no it .af i . I C o -l e plurality
of serveré&nﬁﬁgﬁg%k&?ﬁ@g%%“ﬁgggpé%%gg?%%E&%égggﬁ¥¥gﬁggﬂgﬁgﬁm%§ﬁgﬁ?ﬁing t he
di el 86t ri cevatgubdpaaoteanthewiatii couplihgthie hteed loquid/alolantethswgh a chader tavinen t he

plura||ty0&ﬁ serv, r. received theremﬂmkeach seryer.is

: s e nt abl
subner ged mn?%lﬁﬂﬁﬁgw it §§¥ ?ﬁmf¥%ﬁ$8x@oé%%%Fu?br Uy FPRere i e ol i ng
each respective server and maintainisg the |iquid coolant exiting the
plurality of servers at approxinmately the el evated tenperature to reduce
t he amount of energy consuned to sufficiently cool each respective server.
[0026] The fixture or server rack apparatus includes at |east one tank
defining an open interior volunme and having a coolant inlet for receiving a
dielectric liquid coolant within the open interior volume and having a
coolant outlet for allowing the coolant to flow fromthe open interior
vol une, the coolant inlet and the coolant outlet being fluidly coupled to



ot her; and one or nore nounting nenbers positioned within the interior

vol unme and configured to nountably receive a plurality of servers in a
verti cal woizerwadiion within the interior volune for m nipairaiSagES05
footprint of the server relative to the ground and wth the front of the
server facing upward for easy installation and renoval of each of the
plurality of servers w thout renoving or disturbing any other server;
wherein the at | east one tank is configured for containing a dielectric
liquid coolant within the interior volume such that, when a plurality of
servers are nountably received therein, each server being nountably

recei ved i B e L kUl fficiently
ool g ety SRRLARe Bt B ol M e N REMI S PRI TR of “the

li quid comaawtch{llmerzfm refecting atdeast pumiidnl efitled I}eat@mnledtle@lgtléh%setdmdétquideat
exchanger { . om 1. rat us
Gesor | Dode s e hRal @lec SR PochRE YL CRRLAORL EbIR ol RER" 10 e
for cont afrmnnly: distdi}elloendzdﬁeat dehpulgd tbttouglarnstecmdd)oanm af therseeamd inquid tcireigt menber s

p05|t| oned teri and c éf unt ab receive a
pl ur aPi ty o ecoﬁlgfé%fiélﬁe Sh Xcougpnér %f ms%lecro\(}lglnr fil t]hg er vecrou?qg”ﬁttaflé cont ai ns

a plural i pytiod oﬂth«:lﬁtse]mﬂmmtqmtoperabl e servers wherein each of the plurality

Chat -each9t he r HepmbepEaaLdry kot I8 BRSe hubrne IR IBMUAE %o ef cat i c

| i qui d coedoting fifi@rin &Jaswobd AgidRaaidit; faﬁ@ﬂibﬁt&ﬁﬁlgﬁl&&@tﬁﬁératu& daclent oid@ i ural ity
of serverﬁ. The server room further contains at | east Onﬁp’%ﬁ ler for
thermal |y %ﬁ?ﬂefar‘ﬂ@gﬁlﬁ%m}‘i‘éca‘togtﬂ’oﬂ‘?“éﬁ 18 &t rESPF‘fttfﬁtsﬁV%roB?r&’ﬂtca eHt SR t he heat

exchanger tht @herbh@atd 0Godltthd RA%ts aREcing Bﬂh@ﬂ@‘ted&ﬁ@lﬂfgﬁﬂﬁh Rythd ERler
dielectric liquid coolant fromeach of the El ur al Ign‘é iélser vers, The heat
gy

exchanger CHR§TBES aSubRFRYE BN ENnglide B AgR LY eCBRAT tvelepityrpigh Toupl er
may i ncl ugglearit lﬂ'rlidC{ht%Qg}Pﬂh%er@é% anltg'ﬂtﬁh %els&{irpiulgﬁgntﬁthﬁ diglealchitms bt qui d
coolant to the first héat exchanger. Alternatrvely, the coupler includes a
heat exchhergkes. ap preatoadly defcabeddierdy t he tank and thermally coupled to the
dielectri ui d | uid

foo Eisﬂ ﬁqgép@&te t@fﬁ%k?xﬂ g ﬁéﬁ%géﬁf FlPm A tFe éﬂ%ﬁ%ﬁ‘%gﬁeeﬁ t{> Ho

circuit wt a second cool | ng UI d connectl on [
di st dbl y fapshthedbsedwt! heat endithg élpwatmd of the coaling difuil] the methat edy hisaincede hanger

wherein t | 1] [Well]® I fr

whor oi n ¢ R *5p 8 BF-UleRLL AR, BER RNkt bbb QTR SN0 LS AL,
cool i ng f tigiud shidhalatriige lﬁqmidmlasta@mthseNem o thei etayatied tespetatirh atfficibrielydi st al |y
| ocat ed he(? t1s ﬁxgerll\@e@ Shild & eccrt[ S‘the!1 eacgunar rrrtlet[ heor(fs%r%lel pcgsuhj’ c1enq V\IQ(I)I%Q t he

cool i ng f YU d hae absor bed T Fom th at e d°"el ecflrl o |qu?'3 coo‘i ant at the
coupl er. fe@maqre sér\tasetﬁmdnﬂhodmm furterangbhdertiad dtdpy obmonindmperdempdrytueper abl e
servr étil ? h % gh%trlcllqwd coolant in a fluid circuit
thro praras Pigl“?) CSEPUEHE Nl sed within the dielectric liquid

cool ant fp)onaaqsor bit Bighudt bd rd&SItthaA iPME by s &hplayiyg theatcob@typg ofli ssi pat ed by

each of e res ectlv seryers or|n t he tenperature. of qui d
cool ant et BagE cUile TRt Tghe Tk s CPYEEN Bl eank Sevbefits ng the
opti mum ebgwad 86 st aprrgay theRidheat sdndifed: @ldrdireuit isGrontihe eotkant as it
exits the plurality servers such that the |liquid coolant sufficiently

cool s the® htateétqrtfyowl theteir & thniop dhereodudicrighepted ligwg gprlas £xige Pse consuned

to sufsfi cihgRbbi¥ntCRR th&RpHf IRIBLEL th¥ @oSBHt Y€loolc WS h&ishetiBrogbieta hed
tenperature is a tenperature significantly higher than the typical

conf or t abfehpngshintehraidgogleat. Onee enotpdnde 4aed P@W,m sinkate thqw@tt@ﬁmf #HPm

per m ssi blygy tt%hferﬁl%cvaéf‘tt{eeco&famt F%eftﬂ&tfﬁt?d“éfchh ¥ ﬁéesﬁf);fl&ﬁﬂﬁ&%y 2, fn‘t&g&lr oni ¢
conmponent 1nt lurality of servers; periodica et erm ni ng

control | epr qxtﬁenaétmhmsevm‘rs énéhq:}yefn@@b@andomnejce@hngttﬁ@s absordaethe h@angf or
cooling t | i thermally coupling the dielectric liquid
cool ant hgghgg%ﬁ%' %MmQ%ﬁfﬁ,Xﬁgébf servers to a heat exchanger distally

| ocat3®d f [0Oh2Glhe tRBINk 17Aanthstrafsetde pingical stdpe asthe me‘phod bf awliog onche neat
cpsor be el e RO LR TP R el 5 B g e o
dielectric liquid coolant fromthe sggvers by a controller the nmet hod may
al so include the step of periodically adjusting the anmount of heat rejected
t hrough the heat exchanger such that the dielectric liquid coolant exiting
the plurality of servers at the elevated tenperature sufficiently cools the
plurality of servers while reducing the anmount of energy consuned to
sufficiently cool each respective server. BRI EF DESCRI PTI ON OF THE DRAW NGS
[ 0029] For a nore conpl ete understandi ng of the present invention(s), and

t he



advant ages thereof, reference is now made to the follow ng descriptions
taken in conjunction with the acconpanying draw ngs, in which: [0030] FIG
I A illustweter/asmazenbodi ment of an exenpl ary system f oPcCefiSeaweni3dy
cooling a plurality of independently operable servers; [0031] FIG IB
illustrates an alternative enbodi mrent of an exenplary systemfor
efficiently cooling a plurality of independently operable servers; [0032]
FIG 2 illustrates the systemof FIG |A in nore detail; [0033] FIG 3
illustrates a perspective view of an exenplary i mmersion-cool ed rack havi ng
a plurality of independently operable servers rmunt ed therein. [0034] FIG
4 illustr I i in FIG 3.
[0035] FI 0 SRR, P ook 2 OLI k1 TR SLAR AR R A SIPIE ool ed
rack showseryams. Fh@ep 36, thodigiejtriFli@id eodlant flows aﬂtaeféulémsquaéhreugvth@ ploralisi ew of
the imrer §fs%FLePsqglhl%Pse& AdinSh éﬁ’@leétﬂ ”néq’dcc%le{n??o%g) % teds é}%%&na&fes an_end
el evation view of an al ernalve r'si on-cool'ed k hav a plurality
of i ndepemddral t;elrrggbﬂswbieébsdm\sewsru frsdtepl 28edletfheir\®ﬂq¢1ty pﬂmeﬁﬂulﬁb@)larﬁ

il lustrates an, vi ew of . rack Q

[0039F FI G vEe OI?QF’ ! &g’ %S“a% e‘f%me‘;1§ “%mslﬁa“ dﬁ“S%S “CH m@‘%‘? natl ve

i mrer si onemicduesitderdctie shﬁz\ﬂsn@ aepdoyeielterhpyeraiire iofi the pigmid endlhit 15)1pi€1ﬁ1&iﬁécﬁatsel’ vers

ted t ' F d el t f t
anot her alSCR PRV e Lr DRESaPUL AR PRy R PR ooyl °
i ndependefbtrhmlrm@eér&tgyalssg%r IEEtSp B@ﬂ[&lﬁﬁhdd@el’aﬁl litatell 60 dt]seivbiGpurhped tb|aust rates

o1 U ai | £y IO CrcHBE et P BhET BB b e B G her GtH WL R | he
el ectpi Cabbs@ﬁb@dlBﬁﬂﬂeqliq&dfc@olhrhes &ﬁ:&té@ﬂﬁo@hl@ﬂ%ea{ &@Mkeﬂlﬁteﬁ%tﬁ&co@l@ﬂspeﬁ Ive
vi ew of one ver sion a conventional ra bl e server that may be

i nst al | edliftpd W?éanésééwlmwi%%%ﬁoabﬁ telaim Iéateg é? vt%er flyid dew iy dhgiseqoBdpy n FI GS.
3 throughcdbling bHafkRls lﬂcf,?hstehagafdan %1n'tal1ﬁ1ﬁ%¥h"e %Iekrﬁ@d faﬁlp@fa{ﬁaé ctg dichve 1 the

conventi onal rack nmount abl e server of proof enclosure
to be i nsejacked hagtaudishinated thropejuthe Fqlftatedﬁgcméaraﬁméwa appagafet ¢ramston #wvthsf t he

I mrer si ong LRl g, SELYKK {1% ks Rfoctl Geohd [iQ040haFkG 14 is another end
el evati onre?/&ew o?t Selﬁe |err$rre sll§eosn egoo%%co sagyrflogrl gg@k? of FIG 11 showi ng the
flowldf tHKEI2ilquid coolfdft 17H dlogates FieGompter eongroBethasrdtsicps inlthagethadi on of a
system f o[ the type
Shoun 1 . "HERTA IR P atkithrehden® op BRI RS iP B BPhAREBE! 1 ]
16 ill ust crapleslngﬂleexseﬂpbéﬂy} ﬂrﬁtdnBI:Gdf Icstop pPhghaometrolier naeiges smgnabendent |y
oper abl e servers coal ant I t syst ens
of FIG IR Oéhemge peﬁ“&l %f’?‘ Va“P‘I‘S 5 P e@“‘%%to tenﬁpera%(ﬁ% ﬁ{}{@ Q%‘% M Che

nmet hod of p@mlcbmgmpnm dn stasplse thaxcbapela elntetnyin eyrbe qhinmnselewdstemmnﬁed in a

1 sPr a B AaSRB Rty ok PBrer RS St Herma B R elol 1 ng

oneI or WDfoQ:lobnﬁ@plﬁfhtrI]iWﬂsywa@eh?bé@n@%%&reﬁeﬂgﬁﬁﬁ{sﬁﬁﬁtldﬂpeﬁoﬁﬁﬂ]& of i qwh d
cool ant e oyi the systemof FIG TAI LED DESCRI PTI ON [ 0050] The
fol | owi ng BRI C%fﬁ@ﬁ?razfla@p 5%9@{@}?@ﬁ EE R A SE‘TWF‘%’V@?@“% cool i ng
conput i Ngmd@vil ERRinhaNE Brdieakede BRIcAid JfisEhe Shb N LbELGOBMRNGRE& such as,
for exanple, independently operable servers at |least partially imersed in

a di el ect Freughithsicat %‘W&%tsuwh%t thelifuid epqlaniyaXit th @grab?y A ReEVEhaeht i on(s)
enbodised &1@%&1' t&ngé?ﬂuieasffrmeadyedmsa{g@?lu@aﬁ@y HR8H eI RAGE S100Hg BY ahBhRIEI N T O
FI GS. 1-17. used herein he term "server" generally refers to a
conput i ngerd:égy qg)ésumed to sufficiently cool each respective server. In step 60, the controller

determines the preferable settings for the dielectric liquid coolant pump, type of secondary

cooling apparatus, and optionally the fluid velocity of the liquid coolant in the tank. In step

62, the controller executes the output control signals to the pumps, valves, and fluid velocity

30 augmentation systems, i.e. fans or nozzles. In step 64, the controller provides a failure

36



connected to a conputing network and running software configured to receive
requests (e.g., a request to access or to store a file, a request to
provi de cwopotoagsiresources, a request to connect to aneChars2@biosssvj from
client conmputing devices, includes PDAs and cellul ar phones, al so connected
to the conputing network. Such servers may al so include specialized
conputing devices called bl ade servers, network routers, data acquisition
equi pnent, novabl e disc drive arrays, and other devices conmonly associ at ed
with data centers. [0052] As used herein, "independently operable” neans
capabl e of usefully functioning without regard to an operational status of
an_ad) acenliRn flle S Gl i1 Booriflas hIAARRCAARALYIC ARGLARhRr ST ver”
nmeans a server i s capable of use y functioning (e.g., powered or
unpower edprowpm'(e@tlelo npificatipeisworrkis grsaldiyssonnebe exbter mrowhéorneay wesdky
installed rac I r the

pur poses 102 2ni crits QB MRk A @6t maRS IRDREAN L e BEHAT |

operatio naltengtteadzmi@doﬁen&rﬂew]baet bmlnsfmowelnngservgr I;aclgsomme&dd or a qlmlpctmr ed,

conne ted tO th nt§ t1n1n nsl pg?ntle tr 1 n1mn Eh ’unt ?Stalrled in the
Fack o r L sePet BitEins Faek, “and ‘whEthe ec%a‘%f For e"‘ﬁ‘e put BO8Es for

whi ch ser wgtiscdab eod elitaskealetsy Thsedc)ammplerda:tyltﬂmgﬁdvam@peﬁdemhibyr aper abl e
servers can be |nfluence éeéﬁﬁg heate%é. one or re.a Sg r% servers,
but as usBEVHEPEIS OdRPHYBISSHFSHPS ?138|“8m§"éts%?r CGEHESHTFY) LR i ons
regar dl esbe Qﬂud&h&ilﬂ@ﬁov&@o&lﬂjg&@ﬁdﬁncﬁ elrneeéduoo@fc&tteﬁpe@xtuﬂeﬁlf&pefcastﬂeeweehOOSS] As

used herein, the ter d coo may be an fflCle
nonconducthﬁwowra%ﬁoafnwaﬂln ha& |t@eeieéavtgee%ﬁawéﬁ9§awe §aq epélssﬁlﬁ‘fh%rboard
a nmenpry board, an@i)n&blhlﬁgtl@'aﬁﬁ)hﬁtldfﬂhma@é’dlﬁl{t BWAG bAcAREG e RIREHIE desi gned
for use in alr) continue to reliably function while subnmerged w thout

S|gnlflcaﬂpdﬁﬁ%¢ﬂP@é?@%ﬁym¢m§ﬁ??%h¢%“Pﬁ&h@ﬁu@é@ﬁﬁﬁﬂﬂﬁgmﬁt%?%ﬂectr|c li quid
cool ant, b&ﬁ&mghpg“Mk&ggM%d&hgkﬁ@&1on vegetabl e oil, mneral oi
(othermnseknomn as transtormer oil), or any liquid coolant have sim | ar
features (e.g., a hemtpllampariiaingseelant ssansratyrgaf the weximug dloweblei ¢ strength
better thapof ARcf HTRA AR ERS Mkt uhO AR At HafaRELei N, (T Ul d"
nmeans eitﬁep §l€§§ﬁ%§morea gas, i Ig ?uy’g neans a gas or liquid
cool anit t yethedd deycrllpsecThﬁopmh@tattcone?lecﬂmntnﬁceﬁsordwlm@ toseppseisom A used

her ei n, a subset of the universe of cooling fluids, but
a coollng(%%gyﬁgxgg&%gg&m ?electrlc or non-dielectric liquid or gas, such
as, f or emm allcondwenon oﬁ"larbveaﬂllmhn@nnlﬂteltbanmn@'nlamicrqygbnmmases[ 0055] PUE
Means = POWgli IS aaglg theefrcl,c rCtrI gnseosvgrall \Ahlercc%né S Rxﬁ%h fe gl)escnbeﬁ fea trg | itPOVer used
by a data CCERterTdivi aed ? Rer Cused e server, rs"a neasure
of energyﬂ@hmwmmenmyeuﬁ@ﬂ@ﬁhmﬁﬁﬁrmnﬁmﬁmEMeu%cmaﬁﬂmmmamoIOSFperfornance a

rati of hea used. i NSt ance of . 10 woul d nean
hat 00 vaEeBTY R b Pl iR NPT SRsE: fob8%) Voo mans
"vapor COféﬁfp@l&ﬁjr@lby eyeth €75 deghes F ietinBunpicdC a8 thistosperaafidat yanbsed f or a| r
condltlonlng % 058%»Poor over al | efflﬁvg» %§Of heretofore commer ci al

avai | abl edEBATHY Y BRHRBP S ECT CEApHTel By dsating ofrBryFlpted GupRongRts 3yl | ng

servers Uggshilamg ot wateetbfbint iGodd a6l QIEHIRRELTFitheARIAL MDY Shduay e
di scovered that the irreversibilities contributing to this poor overal

ef fi ci encPiti@ieReremaye dedeed oreReTHginteREv oM eyl Progeisds agrcigs Mithghser vers (as

wel | »3s tE\ﬁreﬁ%étﬁ&ﬁ%géﬁg/&%ﬁtef)@ooﬁﬁ? hAidhNBCIARUBHEEREGT R)the BilRRY] AS
bet ween two bodies (or fluids) at different tenperatures, heat Tlows from

the hi ghemofesihsrttisivetion dyhceiglivsipationsneisus eriyarapiuie)ds drsigd, arelevaicdyi ven
amount  of c&oﬁaﬁl@ Lﬁ)E{aﬁﬁe DRAK el rddGih tu? ﬁ{‘ﬁf& OF lelsSpoweP fhah ?6&8& oﬁhlb' e (e.g.
t he assocl ated energy retains nore use ness,"” or 1s O I gher
qual i t y") rofitgsrativn nisthodnddesetlow escray methpdpiven inghide dingsafled to air hedheat transfer
process o I.ng d . rat us
are d|scI%ég%k$§fm@#?%@%ﬁh?#ﬁygooﬁgg&ﬁﬁeg%&%gﬁegg%%ééﬁgfgg?ggﬁFc ¢
conpadfient ssed assupyletmerirsblarg metgods datlofaddwrairhehitrormpameng & matimamfriomst.
tenperature (e.g., about 158 OF in sone instances) to a liquid coolant at a
"hi gh" tenperature (e.g., a dielectric liquid coolant such as,

37



for exanple, mneral oil at a tenperature of, for exanple, about 105 OF).
Such heat transfer fromthe heat-generating conponents at the first

t enper at Wwe 20m/@93160l ant at a "high"tenperature can be PesaIS2eMWATBIZI bl €
than transferring the sane quantity of heat fromthe conponents at the
first tenperature to a coolant at a "low' tenperature (e.g., air at a
tenperature of, for exanple, 65 OF). [0060] The nethods, systens, and
apparatus di sclosed herein take advantage of this thernodynam c principle
to inprove the overall efficiency of cooling electronic conponents, as can
be applied to, for exanple, independently operable servers of the type
commonl y_esiyi N 3 dithih GRH Rhriorike @eénrmg&%@gwﬁe%éér%e% {focinency. can reduce
the overall cost of opérating a data center reduci ng ectricity
consuned €mbodsoolty, thyspdaspadiess arf anne]amltnbsgmtrderdsmlad@edn&m:mm\%mnu% t he
reduced t GARGEAIHL 6 L 1L LERERBGRERYILLAA of RAVELchbdmNSRSIAM 1Y) Al ove
for heat to be recapture n |nents e reduced tenperature
d|fferencesmﬁeduuﬁba@uwaawn@geim@mm$dﬂbesﬂwmhemneeﬂmfmmtwé&dﬁgemamlon In
al | of the i scl e . corre 0

ef fici ency tg mtv?lelogohlsl Ou%jée %p[prer%ateﬁl%ly stggklg‘gs)aqgo agtrté%f%ge - r?Y 8n? i‘onal ,
commer ci atheypaif elnﬁabﬂfmeﬁodlkdldmgd ayg besaad1WEHa‘db<BA/a[Ha@162c]r nh‘dd(ﬂymgAr and FIG |B
depi ct al ernatl e exe ste 100 and 200 resp ectlvel or cooling
ot or mobS' RilBRTERITS B e P S AT RE YK o g

el ectroni ﬂloﬁmm%m&aﬁlzecﬁi{l&hos%$klﬂadhnbﬂe ﬁfﬂlﬁtfb@éldequﬁkfawﬂewhﬁtn[&ibﬁ @afover racks,

for exanple, in a data center one di scl osed s st ens t hods reduce
the t enpefiebetifionihs iR acgpep HWﬁ%%&na@éﬁef?lﬁi vy %pBPnﬁggge%t. ng)
conpanent moary] a CR%'thé’iQfof@é’éMﬂlﬁl@ebéﬁhatrtﬁé 8hinRGvill ot bM} ducAmodiFHOM ARt " Or
"liquid coolant”) used to cool the conponents by maintaining a cool ant
tenperatuP%ﬂW%ﬂﬁmmwéwﬂﬁﬂbWﬁﬁéﬂﬁdﬂﬁS?Hﬁpﬁﬂ?éﬁﬁéﬁ%&ure) at an acceptably

el evat ed tenperature conpared to conventional cooling technol ogies. Such an
el evat ed cool ant tenperature can reduce the power consumed for cooling
purposes (e.g., heat can be nore readily rejected froma "high-tenperature"
coolant to the environnent than froma "l owtenperature” coolant). [0063]
FIGIA illustrates one enbodi nent of cooling system 100 for cooling a rack
of independently operable servers. The system 100 includes a tub or tank
110 containing a dielectric liquid coolant into which a plurality of
servers 120 may be imersed. Munting nenbers or rails to be described
herei nafter are positioned within the interior volune of thetank 110 and
are configured to receive and nount the plurality of servers 120 as a rack
of servers into the tank 110. Such a tank 110 may have an opening for
access to each of the servers nounted in the rack. At |east a portion of
each server 120 is subnmerged within the dielectric liquid coolant for
sufficiently cooling each respective server when the tank 110 is
sufficiently full of the liquid coolant. Preferably, each of the servers
during operation is conpletely subnmerged within the dielectric liquid
coolant. [0064] The liquid coolant heated by the servers 120 in the server
rack is then fluidly coupled through suitable piping or lines to a punp
130, which punps the heated |Iiquid coolant through suitable piping or lines
to a renotely or distally | ocated heat exchanger 140 associated with a

heat -rej ection or cooling apparatus 150. The distally heat exchanger 140
rejects the heat fromthe incom ng heated |iquid coolant and fluidly
couples the cooled liquid coolant through a return fluid line or piping 170
back into the tank 110. Thus, at least a portion of the liquid cool ant
conpletes a fluid circuit through the servers 120 in the tank 110, punp
130, heat exchanger 140, and back into the tank 110. The heat rejected from
the heated |iquid coolant through the heat exchanger 140 may then be

sel ectively used by alternative heat rejection or cooling apparatus 150 to
be described hereinafter to dissipate, recover, or beneficially use the

rej ected heat depending on the different environnmental conditions and/or
server operating conditions to which the systemis subject. [0065] The
system 100 i ncludes a conputer contraler 180 of conventional design with
sui tabl e novel applications software for inplenenting the nethods of the
present invention. The controller 180 may receive nonitor signals of

vari ous operational paraneters



from various conponents of the cooling system 100 and t he environnent and
may generate control signals to control various conponents of the cooling
system t ovombmiEds17t he heated |iquid coolant exiting thecyasy@®sinst he
tank at a specific elevated tenperature in order to sufficiently cool each
of the servers while reducing the total anpbunt of energy needed to cool the
servers. Particularly, the controller 180 nonitors the tenperature of the

| iquid coolant at at |east one location within the fluid circuit, for
exanpl e where the heated liquid circuit exits the plurality of servers. The
controller 180 may al so nonitor the tenperature of the heat-generating

el ectronic conponents in the servers in the server racks by electrically
connect i ng WHAE S CIAIMEDIS) to t he di agnostic out put signals generated by
conventional rack-nmountable servers. The controller may al so nonitor the

fl ow of thd.di elfeststdne fdricquiimgmplluaai'tty oBadegtndpaly epecdblé seiaarsredritaningthioat
controller 180 nmay .output signals bo t he u .130 and heat rejection or
cool i ng apFaRepiie ql&gr lgg?n§rrePY%ﬂP8? W82 qui d cool ant through the
fluid circuit and the anmobunt of the heat being rejected by the heat

rejection or cotidag odbRakaicininkI ihRFos¥diimeia8dhhving Qb1 iBRETH T €Spect i ve
server while nmaintaining the heated liquid coolant exiting the servers at

the el eyat ?&eﬁﬁ@& RIS, ltuﬁ:h& EOMES il ﬁﬁﬁ%ﬁo%olﬁ&@r o E&QF%%%@«? @%&tletB

sufficiently coo eac e servers int server

illustrate nt .of. altern in cool i ng
h ok of RGBT @‘?8%%9 7 BehiEp HowrRamdfs YRR firges®at £ b or
tank 210 contalnlng a liquid dielectric cool ant into which a plurality of
servers 12@m€H€@t@hﬁ%ﬂyﬁ@&HdH€HEHW€¢§e@upﬁﬁGh?ﬁh@ﬂﬁﬁnbers to be described
herei nafter are positioned within the interior volune of the tank 210 and
are configured toncpeowryvmonntchgmembers pesiponadavithiy thefinkeioyeelsme20das a rack
of servers into the tank 210. Such a tank 210 may have an open top for
access to eaahigtd td@oseideiscciuledlityoftihdepeaddatly dpetabRsernargor ti on of
each server 120 is subnerged within the dielectric Iiquid coolant for

sufficijgntly coghhagxﬁggamﬁesggﬁtlve server when the tank 210 is
sufficiently full of the |qU|d cool ant . Preferably, each of the servers

during operatio I u
cool ant. [0067] rALL]i{nI‘slt ?%‘%H?‘lt«%? fﬁogms%dg gl n?ﬂ gl[h% Afs gcgzttoﬁlieéérﬁc h%r d
cool ant does not, flo out he t Instead the fluid circuit 270
of the floRFHgF*ahaneethbyne ’ISta Ui %Fat%igtn%f 6it'smlizorrpl et el y internal to the tank
210. A thernmal coupling device 280, such as a heat exchanger, is nounted
within the tank azunflgidiyreounlsdfo thiedheat axehanger sndohg nteties vodmepkthe 8t t hat at
| east a portion of the heated dielectric liquid coolant flow exiting the
servers fl dewst orertanighhd prvenp hengabdnfcougl fongualeingdke RGO cGolohtatrodigk hdlid i ¢
liquid coolant exits the coupling device 280 and at | east a portion of the

cool ed 1di elcaghit tém ﬁ@ﬁh Afirgt icfréMt péreisn kxtehdifg FohemhBabolhhtuhKt 6 the dink t8 70 back

through the servers. 068] The systen1200 |ncludes a secondary heat
rejection %ﬁclf:&%érnagse%gl?@é d":%ﬁo&%%ﬁ %a'n% ervSUG I dS, é)gaéﬁas or
liquid flowng 1n piping or nes orm a secon lurd circuit

wherein the eco r at 50 cl ud SSOCi ted repotely
o dtstal 15 TSCARaR e Hep R AER in Srcsaeliy R e RIS R he
cooling fluid in the second fluid circuit throu h the dlstaIIy renot e heat
exchanger . yfowgyportige chisading diogrths heptexphanger 19 erpledtlPtig fluid in the
second fluid circuit through the heat exchanger associated with the
secondary cool i ngoapplerdoumorBgingdthc tannerdierself drt liqued goading 9t pideastipne
recovered, or beneficially used depending on the different environnental
condi t 2Ons legatibokvithér the fludperaiit ang ferodifisting s flew whihehlidlbwris liglid Rbolant
subject. [0070] The system 200 includes a conputer controller 280 with

sui tabl e nqgygl, @ﬂl@lﬂtﬁ@h'r&ﬁtsm%?@iér\ﬁ@dt%J(ﬁéle&tﬁ@'lﬁﬁﬁi%b[bﬂt fsheaipBIdadsapf the
present |nvent|on The controller 180 nay receive nonitor signals of

various opefg te@ é%.%%tl% ts tﬁeoggct{@c[ &19éh§t p%?{% p%ﬁ ff cifc g, cool ing
system 200 ‘an he environmen con F signals to control
vari ous conponents of the coollng systé to mai ntain the heated liquid
coolant exiting the servers in the tank 210 at a specific el evated
tenperature in order to sufficiently cool each of the plurality of servers
whil e reducing the total anount of energy needed to cool the servers.
Particularly, the controller 280 nonitors the tenperature of the liquid
coolant at at |east one location within the internal fluid circuit, for
exanpl e, where the heated liquid circuit exits the servers inmrersed in the
tank. The controller 280 may al so nonitor the tenperature of



t he heat-generating el ectronic conponents in the servers in the server
racks by electrically connecting the controller to the diagnostic output

si gnal s geoenmimasiby conventi onal racknmount abl e serversPpcThs2@o06330% | er may
also nonitor the flow and tenperature of the cooling fluid in the externa
fluid circuit 290. Based upon such information, the controller 180 may
output signals to the heat rejection or cooling apparatus 250 to adjust the
flow of the cooling liquid through the external fluid circuit and the
anount of the heat being rejected by the heat rejection or cooling
apparatus 250 for sufficiently cooling each respective server while

mai ntai ning the heated liquid coolant exiting the servers at the el evated

t enperature to réouoe thehm lanbensttaf isenengyred tmsontethingths didl¢ctiiehquig cool
each of the servers. Preferably, the elevated tenperature is a tenperature
si gni fi cantcbylahi whigih thdiareriof @oluydi stiah thag Wk tiedplaralidoeT Sceripeira intiutaboy
humans and | ower than the maxi num perm ssi bl e tenperature of the nost

sensitive healyAeRGLAL hiNGasth PELHRT CaNPRR & ubhirded&viffh R EeledtHO YiélllidAs
previ ously described, a conputer controller is used control different

conponent s ngla}l{] Rr gl%l felr{ﬂy %goﬁ}n @a%l?res 'c'?ltv 'Penrvérhvghe%xth% ka?]g Lg élghglgllltﬁ}ll ull! grau! d
cool ant ternperature at an’ acceptabl e elevateéd tenperature. By mai-ntaining
the existing coqlant at ap el.evated |evel, the cooling system my be used
With a mumss GHd goqlpaouile PUBRHIR B %Bmgd’gﬁtﬁ@%a ldaogepﬁaﬁh%@‘w%a? heat
(e.g., heat recapture, |ow power heat dissipation, or refrigeration).[0072]
I n sonme entioupereitresto re¢ucgvier araeuny of Rudrgyipenstman & suffieientf cqoh eacdhaditltht can
be maintained at a tenperature of about, for exanple, 105 OF, which is

si gni fi cantplyaliygiieerveidsan a typi cal room tenperature, as well as the

maxi mum aver age outdoor tenperature by nonth in the U S. (e.g., about 75 OF
during sumer nonths). At a tenperature of about 105 OF, heat can be
rejected to the environnment (e.g., the atnosphere or nearby cooling sources
such as rivers) »w b r o

exanpl e, heatiné'ﬂ%%sggﬁgcgfﬁgﬁqégjacgggﬁ u?ﬁ%?ﬁgﬁgg%%?5g£?%ﬁggﬁﬁgﬁ%b%f
provi dilfg irecoang hehtubngriiblycoblingd pluedtl g of indEpEdHeBly operabl @sonvang veheconl ant

tenmperature in excess of patyraglly ocqgurri t enper at ur es,
i rreversi bith§ %tﬂ%aét%a?@m[gé%@@ﬁ&t%ﬂl@ﬁ 19 e KRSt ent | n a server

cooling systemmay be reduced. A reduction in irreversibilities in a

t hernodynam c cycle tends to increase the cycle's efficiency, and may
reduce the overall power consumed for cooling the servers. [0074] In a
conventional cooling system about one-half watt is consunmed by the cooling
system for each 3wakhe sytemedclaganemde®@in:i n a conponent. For exanple, a
cooling nedium (e.g., air) can be cooled to about 65 OF and the conponents
to be cool ed Ca@h&&%a%&Sneaﬁam?déﬁ{gg%%p&{ﬁt@for%&%e’- for exanple, 158 OF.
This large difference 1n tenperature results in correspondingly |arge

i nefficiencies and power consunption. In addition, the "quality" of the

rej ect éd heat i shd @w, ormadkimgpunheg heatbeastrsochedzubyd tbheountablly regeive theum

difficult to recapture after bein i ssi pated by the conpopent(s). However,
W h a cool A A . f YRR FeniR NS e eI GEy BIAPY f o ence. may
be necessanyinimi-H@NNERIokRRRbf BYSEARBrd vl ale &rOuRe NiB\Ee #68 Jrekk digs of
heat transfer. For exanple, one-dinensional heat transfer, Q@ -D, can be

nodel ed as fadieg yprward dort casy installetipresnt wmoveli difasscevee @ithputThe déadi tdeembve er
thermal resjstance, .Rth (i-e... = ). [0075] . Accordingly, for a given heat
dissipatioﬁm%P§ﬁ950g§ﬁﬁe gﬁ??mgﬂF%: srature difference between the
conponent and a stream of |iquid coolant needs to be | arger for higher

t her maRoresi stance than for a | ower thermal resistance. Typically, a flow
of gas (e.g., air) has a higher thermal resistance value than a fl ow of
liquid (e.g., a dielectric liquid coolant). Accordingly, a gas cooling
fluid typically% isyeemapficlyimeh Whsheikr at ure difference than a |iquid

cool ant. | LLUSTRATI VE EMBODI MENTS OF THE SYSTEM AND APPARATUS [0076] In FIG
2, the cooling system 300 illustrates one enbodi nent of the cooling system
100 of FIG 1A in nore detail. The system 300 includes a tub or tank 310
containing a liquid coolant into whi ch44 plurality of servers 120 can be

i mrersed. Mounting nmenbers to be described hereinafter are positioned
within the interior volune of the tank 310 and are



configured to receive and nount the plurality of servers as a rack of
servers into the tank 310. Such a tank 310 nay have an opening for access
to each ovothm/Eesivers nmounted in the rack. At |east a pamrtiseondmsszemnch
server 120 is subnmerged within the liquid coolant for sufficiently cooling
each respective server when the tank 310 is sufficiently full of the liquid
coolant. Preferably, each of the servers during operation is conpletely
subnerged within the liquid coolant. [0077] The liquid cool ant heated by
the servers 120 in the server rack is then fluidly coupled through suitable
piping or lines to a punp 330, which punps the heated |iquid cool ant

t hrough suitable piping or lines through a filter 360 to one or nore fluid
val ves 390. The tli¢ mecbmmrven@mﬁnmnﬂnersraeﬁmmﬂgw@bnmmnmﬁy teoeiyothvect t he

heat ed I|qu oolant bei thro ping fromthe
fank 310 1SR ea PR SEhBEM s ano i lherds rhi< BT ARDEEIS BeciSrw Iy

| ocat ed heajquRK&OBRNIBES caSBRGIBMEE oMveRically-BfiB@td y&vélﬁas'fuclﬁ Hae i fRRY Of
cool i ng apparatus 350, such as an outside air radiator 352 permtting

cool i ng mnﬂh3@ngﬁméuﬂﬂbﬂ@hmlﬁﬂwuﬁvh@phmﬂﬁyDfS%W@@ﬂ?¢%M@%ﬁton system 354, a
heat recovery system 356, or an evaporative cooler 358. The distally

| ocat ed:heat exchanger associated with a selected one of the alternative
heat rejection or cooling apparatus 350 then rejects the heat fromthe

i ncom ng heated |iquid coolant and fluidly couples the cooled |iquid

cool ant t hrough 5a Thetsystomfdfi¢laiiml3, méemin:pi pi ng 370 back into the tank 310.
Thus, at least a portion of the liquid coolant conpletes a fluid circuit
through t he Servers 120 in the. .tank 330 a he exchange
associated with' ‘Pi‘bea‘t“]?%rfé’f&‘t"intiﬂgg’ﬁﬁi’ tﬁ“r %Q&E‘% %F%Eﬂ@{ﬁ%}ﬁ pi ng 370
into the t%m&aﬁéQﬁs&Q&sQﬁé@eﬂ@b@ﬁ&ﬁ%fﬁkﬂﬁﬂ&ﬁﬁx&ﬁ@ﬁ%@hﬁkﬂﬂﬂﬂmﬁﬂﬁbﬁﬁﬁ t hrough
the heat exchanger may then be used by the selected one of alternative heat
rej ection @ﬁtwoleﬂﬁgreammavasme@m tlneobmtogrstﬁﬁé@ éankrsaelothet the dowbedrtbe i ci al | y
use the,rej d heat n erent. enV|ro mental conditions
and/ o Qer siociile MR <OREH PR L MBRUR HRERE e BBPNE Sy ot om 3001 s

subj ect.[0078] The cooling system 300 includes a conputer controller 380
with suitable applications software which may receive nonitor signals of
various operational paraneters fromvarious conponents of the system 300
and the environnen and nay 9en%h§FﬁFcontroL signals to control various
conponents of t e QesyemIdsiay arempPieitheat ed i quid cool ant exiting
the servers in the tank at a specific elevated tenperature in order to
sufficiently cogl 1@@3@ cqfﬂtﬁdneelstlw eatgtﬂe)ata@tt)na@m@srrﬁommd B thedoehRGrlgidt ot al
amount of energy neede to cool the servers. Simlar to previous

enmbodi rrent soolahicbatwednrtbe phiral 3801 paswérs @ncéth@h@ﬂttenmmt: threetlwfl veloeity pfihied
coolan a ne Ioca i.0 thin the. f|UId uit. . for npl e
where tho. (U TRl BT IR TusdbE POt e PG bt plstoiihe
controlIertﬁﬁugﬁﬂﬁqﬂmﬁnka@m&ag t enperature of the heat generati ng

el ectroni c conponents in the servers 120 in the server racks by

el ectrically connecting the controller 380 to the diagnostic output signals
generated by conventional servers. The controller 380 may al so nonitor the
flow of the liquid coolant through the tank and/or fluid circuit. Based
upon such i nfor matfan, sERe FCRRRUL ﬁfrﬂf&?@&h 141&‘@@@%&%@1% digle@RIjuie the
punp 330 and heat rejgctlon or coo aratus 350 to adjust the flow of
the |i qU| d coolahtasutfi¢ibmthyuighng ites a‘tllfmsbbrm taldusltchalmﬂ wian tanplmcﬂlty)bf sdrecrb et
being ¢ jected rejection ar at us

out £V cPBnt rosiaty iegCaEat Fesisupr§diLap GOR et BRE: Rted fopuherecd

suf fici ent lyittistde déledth€ lihhidWodlafORF Si¥FicIIY BodTRigHadh RispéttivBgerR@at ed i qui d
cool ant exiting the servers at the el evated tenperature to reduce the
anount of energy consuned to sufficiently cool each of the plurality of
servers. In addition, the controller 380 also may operate an optim zation
programwi thin the applications software as di scussed hereinafter to
determ ne which of the alternative heat rejection apparatus 350 connected
to the fluid valve 390 provides the nost efficient means of rejecting the
heat fromthe heated |iquid cool ant glﬁén the environnental and server
operating conditions. It should be noted, however, that the cooling system
300 does not necessarily require different nethods of heat dissipation. In
sonme instances it may be nore cost effective to only have one. In FIGS. 3
thru 6, a suitable fixture or rack apparatus 400 for imrersing a rack of



i ndependent|y operable servers in a liquid coolant 422 is depicted. The
apparatus 400 includes a tub or tank 410 and nounting nmenbers for nounting
t he servewe,20880198171 be described in nore detail herei natCtrars2o009hsssdank 410
may be fabricated of steel, a sufficiently strong plastic that is
conpatible wwth the dielectric liquid coolant used as a cooling medi um or
other suitable material. The tank 410 may face upward with an open top 430
to forman open interior volume and may be shaped to have a length L, width
W and height Hwith the mninumfootprint to insert nmultiple servers 120.
Sui t abl e nounting nenbers may be used to nount the servers in the tank to
formthe server rack 470 wwthin the tank. The tank 410 may be shaped and
the L, W and H8diThensstomofsiamd, sheteir, wetenthd pluplity of snday ae siaathbser ver s,
typically neasured in units of "U' or 1.75 .jnches. sho in, FIG 4), can
o suppor t GE M Hesh TP RisEst uBimprted AT e GighE cob e Pughinte

fabri cat ed yonhayrediaBettiblighidRoBRnPEollct R 8n 448mbdoRthahifol Phred aSkettBéN connect ed
to a heat exchanger for the flow of |ower tenperature or cool ed Ii?uid

cool ant i ntpdurelfe of serves 10 ipprgva Hesurchlatiopppidic diquid; apelaans threushribe ploglity

col l ectkon pipin r..the flow or. punpi hg of heated cool ant out of the
Cank ¢ oot nd R EhhReRL A i S B e e RS Raor more of the
heat-rej ection or cooling systens described in connection with FIGS. 1A,

I B, and 2. [0080] The server rack itself may have a nunber of different

i npl enentations. Preferably, the nounting nenbers are configured to

mount ably receive the Elur%IiH% of servers in a vertical orientation

t her eby nininizﬁ%éhFﬁ¥'?W6{ﬁf? 2 8HEHE servers relative to the ground, and
with the "front” 1 panel facing upward for easy installation and renoval of
a server W t houty [da& Jae@d tethchesmvmitiay cRe&sME BoRPInRtdiSh dRRId¢RE witH fii n the
tank 410. [0081&tThe nmounti ng nenbers may be al so configured to nount the
servers sudiovehigtdiskhend op | evel 460 of the |iquid cool ant conpletely
subnmerges the top level 472 of the server rack 470 formed by the nultiple
servers,120. As a;. Y [ N 151 . I . [ Nea
common dani ol d oy RPIEREF R TR e Y AR EBBE GRSk Ao
of the |iquhdsctwmlimtic didleatighqiideoplattahdrtiy th ligedypess, entlosure lrypesihanci ng
the cooling of each respective server.. The nnunting menbers may_al so. be
conf i gur ed 2PautiBtipvitle disk ppd pecvents {igeidseplpat fromcricaing t on fkthgdfskom of
the tank t - a i.qui d cool ant between each respective
server andq¥gé% é??gﬁyg%ﬂgﬁg&%g%%'such that the flow of the dielectric

|l i quid coolant through the servers is inproved. Preferably, the nounting
menbers are configured to nount the servers closely adjacent to one anot her
in the server rack to restrict 1 Upwards is defined as one of the two

smal | e si des rectangul ar _conput er. The "back"” is generally referred
to as ?%e si de a@tﬁ*ﬁf¥%§ﬂ?ﬁ§@W?§ng?ﬁgh as power, conmunications, etc.the
flow of the dielectric Iiquid coolant between the vertically-oriented
servers, such that the flow of the dielectric |iquid coolant through the
servers i s enhanced. [0082] A punp, such as punp 330 in FIG 2, may punp

| iquid coolant from¢the external heat exchanger,K through the piping system
nto the tank 4F00h o (G NFel R SOTANEOTPRIGH ST HEF ORPUBHAH Y5 Yok
The liquid coolant may flow t hrough each installed server and exit at the
server side posiid Red MRRAIunEng RRnivalelre E&lﬂ%ﬁ%&t@@ﬁounltdbl tdeSived thru 6,
the inlet piping 440 is |ocated at one end of the rectangul ar tank 410 near
t he bot t omphfralityefstanétard wirkrmasntedecroers waicrepi hicntpndsd ragk-inguritédermeragaar t he
top of ,t,he.tank. This configuratjo ermts the |iguid coolant heated by

t he hegb géﬁéP@%Fﬁgv%gﬂ%gﬁé Wit m?ﬁ%“§§%9@?8¢$8“ﬁ%rura||y ri se through the
servers and exit through the top or "front panel” of the servers. [0083]
The servers may be configured to mnimze mxing of the incomng |iquid
coolant with outgoing liquid coolant. Each tank may be shaped (or have a
menber installed) to reduce the flow of coolant around the installed server
(e.g., to reduce by-pass flow), thereby inproving coolant flow over each
heat generating conponent and/or respective heat sink in each of the

mul tiple servers. [0084] Alternativelyﬂzthe | ocati on of the piping 440 and
450 may be reversed such that the heated |iquid coolant nay exit fromthe
installed servers through its "rear” panel) into the outlet into the
col l ection piping system The collection piping transports the heated

|l iquid coolant to the heat exchanger for rejecting at | east sone of the
heat absorbed fromthe



installed servers. [0085] In another alternative rack design (not shown in
the drawi ngs), the tank 410 is divided into a plurality of bins with each
bi n bei ngwvei2zasd1d517r ecei ve one correspondi ng server w t rCrhms26obosssns panel
faci ng upward. The external punp punps coolant fromthe external heat
exchanger through the piping systeminto each bin to maintain a cool ant
fluid circulation within the tank and each respective bin. The liquid
coolant may flow through each installed server and exit at a side
positioned opposite the inlet to the tank and/or inlet to the bin. In
addition, each bin nmay be configured to mnimze mxing of the incom ng
liquid coolant with outgoing liquid coolant. Each bin nay be shaped (or
have a nenber i rdt dihkegjternof chdudewhbreinf thowlcwitcd tmhnatuzris o twnpdnguienst al | ed
server (e.qg.,.to reduce -pass flow),.inproving coolant.f|low over .each
nont - gener At aliRaEs MRS i Elmior iRl e RerEpRutn ok b By S ERC!
servers. [ 0QR8) thEhfaRimum PBEMiSsiBIBREMperaiied dahe hloktehsiald Nt eaestingent of a
suitable fixture or server rack apparatus 500 for immersing a rack of

i ndependentelogtropiecamipenené i e $lyrality df seued- cool ant 522 wherein the surface
of the liquid coolant 524 is above the top of the server rack. FIG 7 shows
an end glevation vi ew of the apparatus 500, which includes a tub or tank
510 nmounted on a nmount 515 into which the servers 120 are subnerged. The
tank 510 may have an open top to forman open interior volune into which
the servers may 1B8e ndiwtsgdemmofalawearltl| whtreorthe ncasted renvpctdtuichea tangrtatpanel
facing upward toward. t he open t f. the tank. The tank 510 is shaped and
si zed Iikel?ﬂ@IEWﬁ3 #%5ﬁgﬁ§ﬁgjm8538é?gﬁfs -6 except as ot herw se noted
herein below. The inlet piping 540 is | ocated near one end of one of the

| onger sides of the rectangul ar tank near the bottom of the tank. The

out put piping 550 is located at the opposite end of the opposing | onger
side of the rectangular tank al so near the bottomof the tank. In this
configuration, tlRe f[llicdystewwiskondil, wherein theplgvetedeamerawicds & FynnoRduicank

t hr ough,t he_inl Lo LS. 1AL gh the volune 562 of liquid
coolan?ofo?%% %%£%QQ§Op%ﬁ]%FAEf%%?g#M?%ggﬁgnk containing the inlet piping
540 and the side 572 of the server rack 570 of servers 120 and then through
the side 572 of the server rack through the servers 120 and out the
opposite side 574 of the server rack into a volune 576 of |iquid cool ant
formed by the sige S%ﬁﬁof t he s rv%f rack and.the Ionggr si&g of the tank
containi ng the ddt | et!N5iSYStHY Bstmly T QIRPTINGHR BGCOIEATE OXHE WPEVAL on
view of yeth@R@ihebydléd hsthé atdtegcipabqdi ment of a suitable fixture or server
rack apparatus 600 for use in connection with a conbination of system 100
of FIG | A and system 200 of FIG IB. In such a conbination, there are two
alternative nodes of operating the cooling systemfor cooling the
dielectric liquid coolant wherein the controller may switch the node of
oper at i;@n dependizn k Ny ] 0 i s shaped
and si%gd i ke ﬂﬁéq@%ﬁ%ﬁ?ﬁéﬁ?ﬁéﬁgaﬂﬁﬁﬁgﬁﬁﬁéggéﬁ%ﬂgE%ﬁ%@%gégﬁﬁPg% herein

bel ow. The coafikuréd & @te@r avlgadiapertion dfaan htambi@bidbymhaniqojiedol ant &ohor

vol une into which the server y be nmounted in a vertical orientation with
the front 6@%@P“¥%%P§§“Gﬁhﬁﬁ cg 8¢ #8kopen top of the tank. The inlet

pi ping 640 is |located nearer one end of one of the | onger sides of the
rectangul ar tank than the mddle and is |ocated nearer the bottom of the
tank than the mddle. The output piping 650 is | ocated nearer the opposite
end of the sane | onger side of the rectangular tank nearer the top of the
tank. In the firlét T%@dést@m O(fjpl@rratlﬁowh@ﬁmttgqmgn@armqémgrap@p@ﬂatcpmnses

conpar 3Rl e t G | fluid flo . . i.quj ant
enteri ag ¢ re igtecopt hrireitoontIfe ot B sdc el b RORHE
space 662 fioweegpbitishefaadbi Blowig dthessticeie agfbidneir Ahdat evh@fonipdgoiniiggi nl et
pi pi ng 640 and the bottom 672 of the server rack 670 of servers 120 and

t hen t hr ougtPrkrehgsbtaceyarp rppasdtus.pad aspydmafige khor¢pfough t he servers 120 and
out the front panel side 674 of the server rack into a space 676 fornmed by
the top 674 of the server rack and the top surface 622 of the liquid

cool ant and nearer the outlet piping 699. To permt the second node of
operation simlar to FIG |B, a second heat exchanger 680 associated with
an additional secondary cooling apparatus is nounted within the tank 610
and a second inlet piping 682 and a second output piping 684 are inserted
through the wall of the tank 610 and fluidly coupled to the heat exchanger
to permit the flow of a separate second cooling fluid through the input

pi pi ng 682, second heat exchanger 680, and outlet piping 684 back to the
second



secondary cooling apparatus. [0088] In the second node of operation, the
punp associated with the first node of operation is deactivated by the
control | ewoommibfiat the fluid circuit flow of the di el ectrriseomiosasosl

cool ant to the external heat exchanger of the first secondary cooling
apparatus is deactivated. Next the internal heat exchanger 680 associ ated
with the second alternative secondary cooling apparatus is activated by the
controller. In this node the fluid flow of the dielectric fluid within the
tank is reconfigured such that the heated dielectric Iiquid coolant fluid
flow 660 fl owi ng out of the servers 120 does not flow out of the outl et

pi ping 650. Instead, at least a portion of the liquid coolant fluid flow
660 is through the heat exchanger 680 to the bottom of the tank 610 and

t hen back through the servers 120. The heat rejected fromthe heat

exchanger 680 i st herymal | oupled to the secgond, cool i fluid of the
second secondary) Tcoor it rby R Fpnd e REra PRl o b Eobest B o 10
depi cts an cendirhENaat paitratinwl@trodRicorpohiry, thd ddssihg appareusohagiigignt of a
suitable fixture or server rack apparatus 700 for use in connection with a
conbi nati on of system 100 of FIG IA and system 200 of FIG I1B. .In such a
conbi nation, t h@¥@a§r0@eﬁ% dfipingragrpcpydedorgolupe it having heoodssimlegosy st em
for cookin 3 i £ €] b QU . ) j si zed
i ke thg e%%%%ﬁn %?kE%%a%ﬁ$%a%ﬁ%@#%§3%92§65%?%EgﬁﬁgPéég%%?%.n e %ﬁf he
tank 710 alosdetnfayallewieg die cpéant tooftow drohothmoaen mipeior ivoluerd, dre ooolautimldtnt o

whi ch the servers 120 be upted in a horizontal orientation with the
front pane@n@§FFW8%PBWgﬁ%b@ﬁgq@HﬂYP%WﬂgiG@mﬁhOﬁﬁﬁaPQctangular tank in which
the inlet piping 740 is located. The inlet piping 740 is | ocated nearer one
end of one of tR@cshRlotEmodhERSMOhbES BoiBEiRANGMIA L iaRkbhddubkRangl ddl e and
is located nearer the bottomof the tank than the m ddle. The out put piping
750 i s | ocapelguredroemonniably perosictasplertityodf serverssiamey ceitol orentaticevigiin thee
rectangyl ar._tank nearer the to f.the.tank. In the first, node of operation
et 2 drBRe ARG Rl ripialc O f ol 37 oot el inc RO Gkl B8 ol
760 of the thd fiohtfeiodcavdr fRMELIpWEd fhecabpiitalibtieighl rehevaldfebchpéthelg 640 s
initially through the space 762 fornmed by a | onger side of the tank and the
| over si de Phyglityfof sejacisayithopt Femoyingmy dftudeeAayLthIECHAd t hen through the
bottom 772 of the server rack through the servers 120 and out the front
panel 774 of th : i nt : f ] rnonty 774 of

t he server rack%g%%5¥ﬁ%£g o??g%t%#%%%gﬁﬁgﬁéyggﬁg&ﬁggﬁg%d%Eﬁnﬁﬁgﬁg% pi pi ng
750. To percoolant Wighis elcometrivo sdeluafe sople that, ivdrensi plidahty dfeefvefS aré Biounatablycond

heat exchanger 780 associ ated wi th _an additional secondary cooli
Apoar atids. s ke PRSP D RAcH I ek RORE DGR et SO tae288 ang

a second Oufifi#h tHI RIB@rid Buid BolaRBRF bediclehi P ¥adlineachVBlshedilve kel iRdn 710
and fluidly coupled to the heat exchanger to permt the flow of a separate
second coolthaignk issudficientlyugH of e liquadicoghingi ng 782, second heat exchanger
780, and outlet piping 784 back to the second secondary cooling apparatus.
[0090] In the second node of operation, the punp associated with the first
node of operation is deactivated by the controller such that the fluid
circuit flowof the dielectric liquid coolant to the external heat
exchanger of thdsf iThstappeatasndiclyine oDl furtberajppptiaings vodurdeatthe dalietkic Next t he
i nternal heat. exchanger. 78 socjated with the second alternativ

s econd§Py 9419 W@P%ﬂajﬁa%@v filingdhs guleas OWWE suhdht's BhFRR PIFRIY A s mode
the fluid f Lel j ' i thi dih hSi j d such
that the has e SREr T S b R e BB e o of the
servers 12®ethgesountdably tavvivediis sobmichped ouithiethediquidhepolsd forlsnftceandly cablihgast a
portion of taf Ii%ﬁid coolant fluid flow 760 is through the heat exchanger
780 to the “Bot tOMGYC tHEt ank 710 and then back through the servers 120.
The heat rejected fromthe heat exchanger 780 is then thermally coupled to
the second cooling fluid of the second secondary cooling systemfor

di ssipation or recovery. [0091] A conbination of the system 100 and 200
using the alternative server rack apparatus of FIG 9 and FIG 10 that
permt two different nodes of operatiné4the server rack cooling systemfor
cooling the dielectric liquid coolant nay be useful in certain applications
and climates, for exanple, in an arid climte having cool nights and very
hot days. During the cool days, the conbination system enploying the

enbodi nents of FIG 9 or FIG 10may be used in a first node simlar to that
of FIGIA wherein the dielectric fluid is fluidly



coupled to an external heat exchanger associated with a radiator-type
secondary cooling system During the hot days, the conbination system nmay
be used iwoaomenesid node simlar to that of FI G |B wher ecm/ush@odsmsbectric
liquid coolant is fluidly coupled through the internal heat exchanger,
which is associated with a second secondary cooling apparatus, such as a
vapor - conpressi on cycle refrigeration cooling system [0092] FIG 11, 13
and 14 depict another illustrative enbodi ment of a suitable fixture or rack
apparatus 800 for i mrersing side-by-side i mersion-cool ed server racks of
standard commercially avail abl e versions of independently operable servers,
such as those depicted in FIG 12A for exanple, in a liquid coolant 822

wi th the el ectril®alTheapprratus ofislaino 17.hehesenyehen splovatity Thiedermnke8iy0 may f ace
upward with _an, ppen top 812 for.m an en interior .volu nd. may he
Shaped 1o RavBORRERtYR ol HSHe AR By Cron i S e RTS8y o f
to insert twihifi HediSlEctfiatilisid@301aafdr SFficRhtlyUbdling! @cls Ri¥&iSe 8&0er. The tank
810 may be shaped and the dinmensions sized such that multiple

st andar d- si zed servers 820, typically nmeasured in units of "U or 1.75
inches (as shown in FIG 12A), can be supported in two racks w thout
significant nodification. Suitable nounting nenbers nay be used to nount
the seryers in tie tanpk to. coobrauig1bhenserver rack 830 and 832 within the
tank. Specifically, the founting nenbers %ﬁot shown) may be fixedly
attached along the length L of each |onger side of the tank 810 and in the
m ddl e of the t dinkoi®1® rhatweentitdercmberssito cogiguesitte noduntdbdy teanive the support
the rack ears 836 .of a standard rack-nountable server 820 shown in Fig 12A
[0093]  The PLSIAILY g eSESFD P liAeas ORBUE G ST D Htsh SVl W FpPafisa

Pi pi Ng SYStgMneeNEsS et iRtoNB&lanR X80 ABFSIT thdicleb@iclligid QbldnP¥&iveen the.
tenperature or cooléed liquid coolant into the tank 81§'and an outl et pipe
or |ine comhuelwdivertically-eventehsqyyb mgestoeted Hbecby ehlrvgcive thupy egthsf heat ed
C00|a”H00UHﬁ§£tEQﬁA@§%k]59¢BP9 g%sthGMthggg%%g;heat exchanger as shown in
FIG 3. Af & “the™ Padks oofugrrulTetl? Bli £%ervers are nmounted inside the tank
810, the level 824 of the liquid coolant 822 may be carefully controlled to
adj ust the anount of flow of the liquid coolant through the nmultiple
servers and to adjust the anobunt of heat renoval fromthe heat generating
el ectronic conpgnents_in the servers. [0094] Orienting the servers in a
verti cal orientgﬁion PRPHRYS O §atM AAreher¢ilici ng upward may al so be

advant ageous due to the typical novable hard drive installation in
astandard comefigd Md of KRRt SRIMREs: arw@rﬁi%‘lr&ft%riﬁ@zfn@a foéBive fiich as
shown in FIG 12A, is oriented vertically the hard drive 890 of such a
server, as psireliy of serPeiG.abgBhe bgttamiof Hrectanky ¢hrar¢lyadriatingi a voluhe betatske sach

connectiing at the hotto f th rive. In sone enbodi ment - .

[ qui o-1pesrepsnt iartet i B siddpitinborsn he S o PP T S REdisksetcar  ve
890 i n eachiqafd dod&ins i Meihsth8BRirdaf obseridtsert ed over the hard-drives prior
to the subnersion of the server into the dielectric liquid coolant to
protect noving conponents (e.g., a platen) from bei ng damaged by the
viscous liquid coolant. The previously inserted |iquid-proof enclosure
traps air within the hard drive. The entrapped air prevents the dielectric
l'i quid cool ant bﬁpﬁ\q%g%ghgguéggcﬁgﬁgﬁqﬂﬁg&w%ggwgh%k drive containing the
novabl e di sk. [0095] As own in FIG 13, the apparatus 800 al so may have
cable trays 840 nounted along two sides of the tank 810 paralleling the
si des of the servdwralityakdluedoclacity 8@Mmentation davicesemodrdedinghalolamg bebwtenol

"t he 2fa; ancRRE ahiREL SRGRE WIS ob Bl B BB T R AT AU SBTE, ©°

di stributi Qe sBliktsd (ccBNS ther&A A theatiRimechfakoviglcb e IRpara&Rek Wedh thbeanker ver
racks in order to distribute needed electrical power through sui t abl e power

cabl es 846 it micrgecdmiherely enpeyipe the flgwobdr Ly epofaps threughite gmldy af 832 may
have a nun%@&e f different inplenentations, some of which affect the flow
characteristics of the liquid coolant. Preferably, the nounting nmenbers are
configured to nountably receive the plurality of servers in a vertica
orientation, thereby mnimzing the foﬂ?print of the servers relative to
the ground, and with the "front" 2panel facing upward for easy installation
and renoval of a server without the need to renove or disturb any other
server within the tank 810.



[0097] As shown in FIGS. 12 andl 4, the nounting nenbers may be al so
configured to nount the servers such that the top |l evel 824 of the liquid
cool ant 828 2mnpbavel y subnmerges the top | evel 872 of tireTamseaensssack 830
and 832 formed by the nmultiple servers 820. As a consequence, a volune of
liquid coolant collects in a common mani fol d area above each of the servers
to inprove the circulation of the liquid coolant through the plurality of
servers, thereby enhancing the cooling of each respective server. The
mounting Upwards is defined as one of the two smallest sides of a
rectangul ar server. The "back" is generally referred to as the side with

W res inserted, such as power, conmunications, etc.nenbers may al so be
configured to nount the servers in the server rack 830 and 832 above the
bottom of the tank 810 to create a volune of |iquid coolant between each
respective servey. 0 and the ﬁptt?ﬂ] f t.he tank such that the flow of the
dielectric |iquid SFBWFmPﬁpg aﬁn é”‘?ﬂpality of servers is inproved.
Preferably, the nmounting nmenbers are configured to nmount the servers

cl osel y adj acentthd eheasi@n@d@iidi@ting Mehiberssge veifigudakiotraouneslly reetive e fl ow of
t he dielectric'li?uid cool ant between the plurality of vertically-oriented
servers, sWPHMHA the flow of the dielectric liquid coolant through the
plurality of servers is enhanced. [0098] The tank may al so be sized and
shaped %o niningégd&gqaag§hﬂgaggSFngpool and heated |iquid cool ant.
Further the apparatus 800 nmay I nclude a renovable top so that in the event
of fire the top of the fixture apparatus may be encl osed to snother the
fire. [0099] A punp, such as the punp 330 of FIG 2, may punp liquid

cool ant fromthe external heat exchanger through the piping systeminto the
tank 810 tqg ,maing ai e | ant, flui d-fl.ow within ank. The |iquid
cool ant _ma 1 ont HTGLER BT Rupdlty RemaBilit ) hebltf |PRs e Pelie e s o
pi pe from thgerb@mkeledotiid @mpodeftk @mplisidpr u 6, the inlet piping may be

| ocated at one end of the rectangular tank 810 near the bottom of the tank;
wher eas the outle%?piping qf be located nearer the top of the tank. This
configuration péf ﬁ§mﬁﬁ€mleéﬂﬁ@f@dﬁﬁﬁﬁﬁﬂﬁgép By the heat generating
conponents in the servers to naturally rise through the servers and exit
throughothe fronheBRRRke Abubdlf REMBES PosiBEEAUSENiA AR JdeRhibSor Widht ¥ed ¥ | ow
in conparison to the total vol'unme of the container, the fluid conducts to
be rel ati vebyfigined sy moumatye redetves. pljn@bt0d]inddperdandy iopetaple seherd witlanithn of
the inlet and.outl et piping my be reversed such that the heated |iquid
cool ant may&%PtVHY8f t he installed servers through its "rear” panel) into
the outlet into the collection piping system The collection piping
transports the hehélesrit liguiddosRal drfuldtiagtine fide duicxedana®igh &e plejaBgtdmg at
| east some of the heat absorbed fromthe installed servers. [00101] In
commer ci al I5§TV&8Wai | abl e servers, fans are often installed within the servers
for distributing a cooling nmedium (e.g., air) anmong conponents and regi ons
W t hinithe server : i : i wbute a
quuidlgoolant gﬁ%ﬂgﬂ?ﬁgﬁﬁgﬁ oneﬁ?gggﬁ%a%@%ﬁ%ﬁ%ﬁaﬁ?ﬁ?ﬂg?ﬁtﬁggwggég. Cool ant
fl ow rate andhiowhtem thpeedndany doelimglsysshectjdcrns soaspdnkehdad franmcthopos ergt
tenperaturggﬁﬁcursion above a pre-determ nedthreshold, or even a
conput at i oftdf%wor kl oad, to mai ntai n conponent tenperatures at or bel ow a
maxi num speci fied (as by, for exanple, the conponent nmanufacturer)

tenperature, Whig @upler fddgted ¥R ihBRt Bt B kdHkNEbrahERRIIPBSuflREReiB Ur e at an
el evated tenperature, such as at the highest coolant tenperature that stil

mai nt ai ns clettpeneeroland dper thepoettonyd|thaiest fai argmt chitiag e plurafihoisiseets can
be nody|at ed,, .but e . 0. 2 di.td | . i city
augrenclt i e e SBES Ao BY Rt firdRe sraRd Mk el B Rsthe e e ot
of the ser\neit i1t kschBxAtedrtiie]834c toolhkte vol une of |iquid cool ant between the
plurality of servers in each respective rack and the bottomof the tank to
increase the mxing of the dielectric liquid coolant within the tank, and
improving the flow of the coolant through the plurality of servers. O her
suitable fluid augnentation devices include nozzles nmounted on the end of a
line fromthe cooling inlet piping whi éh may be directed toward the desired
entry point of the liquid coolant into the servers to enhance the fluid
velocity of the liquid coolant through the servers. [00103] FIG 14 shows
the fluid flow 860 of the |liquid coolant 822 through the servers



820 in the apparatus 800 in nore detail. For the server configuration
shown, the fluid flow 860 of the liquid coolant entering the tank through
t he | owerwonbsioipiiping is initially directed through a wolrmseoonsizngui d
cool ant 862 forned by the bottom of the side of the tank containing the
inlet piping and the bottom 872 of the server rack 830 and 832 of servers
820 and then through the bottom 872 of the server rack through the servers
820 and out the top side 874 of the server rack into a volunme of |iquid
cool ant 876 fornmed by the top 874 of the server rack and the top surface
822 of the liquid coolant and near the outlet piping | ocated near the top
of the tank. [00104] In sunmary, the inmmersion of servers into a liquid
cool ant wit hi n talenfrobdrdpemapipearmest ths tangreratus of thxod ¢ leetnt diqd@IGzoo B0t 4800,

700, and 800 of the fixtyre apparatys.shown in EIGS 3-14 reduces.the
{enper at ur =4 Tapetion St S BHTS LAY R LAt R dudbindBh SRv T @Mt Eng heat
and the |i guiigtteQhant sdtBAd AdUSRHit iR okePihat heMeatbd efcicaR Yquid b&y1amdi an
cool ant tenperature can be kept at as high a |evel as possible while

mai nt ai ni ngXHngdhpplueatity olespperaitsupantgineil approperadely ehatbepoied tempsydwef i ed
maxi mum.al | bl e operati.n erature. Such a.-high-t. at.ur 0ol i ng
reci um Br oviiiean Bt e P b aRS b A PG e AR R AL B 1 o

cool the elcosiférgbicrovanpapenitifie f@hu@Qnpanebwed tlaahd Mgxiniien pamgiiget with a
| ower -t enperature cool i ng nmedium such as refrigerated air.[00105] Therefore
the fixturdHPPANE fdhe BIOSIERHEY GheG eenraatiig slestonicrompgnentde thei rumpligafd

cool ant prgg&ﬁ&s for the follow ng advantages: ¢ designed to maximze fluid
tenperature through flow control ¢ permts the use of standard comercially
avai | abl e rack nountabl e servers originally designed for air cooling with
m ni mal nodi fi catlieonn fthoat lemtmore tinklid gondgared dbit @ncomhg gher ditlectns liquidr ansf er s

heat from all, heat-generating conponents into the dielectric |iqui ool ant
it houtlOt hdoant e Tt iR R ERCeR b it Sh BRab ofer e stinfieRoal Lo
the server sediaSh@Bin0RaBast @ Bub¥tnGill RREH! §6cdch 8ok 8NB V@ m&hcARYthmahY er

wi thout the removal of a different server (e.g., servers remain '
i ndependentdigieaipehawt epolantdnt yuffieigoily esplingeactarekpestive seruerevhan thetagkad ed

rat her than edi.n o-hernetjcally seal. each of .the.indivi.d SErvers

boi g mouncalrand ful SRR ERln iR feyid PRk e REFELS
l'iquid coolofiBérvéds @nspproxianatkiygates alcdaethfereRed @itdide avsarfdiint of cidigy servers
 may use fluid velocity augnentation, such as fan speed nodul ation, to
enhancd3t heoryusgdde suffisiontlygpel ceelbrsnectivh syligh each server « inproves the
installed density of servers in a conventional server roomor data center
by mnimzing the footprint of the servers relative to the ground  uses a
controller (i) to nonitor tenperature and flow conditions in the fixture
apparatus and the power consunption of the servers and cooling systemto

m ni mze the am@ntThefsygeowerf clagy @i nedombingiowl withe beddmedV A dys$tem) theo
control th t exchange t hod, there naplin e, data center.to
Fecaptur o NOURC sy G HEPELGH o MOETHEE w SPRESdrBEet PRn iR abidS Bl v ci ent
manner whenjidledtic li§giaPioat thelsibmlgedasd [ABp&dehtBPHRBIbIE @yerd HitaPAtaEst &
schematic illustration of a systemfor cooling nultiple inmmersion-cool ed
ser ver 2Paclortih affiee byiféngshown in, for exanple, FIG 3, located in a server
roomof a typical data center. The cooling systemincludes nmultiple server
racks 310 fluidly coupled in parallel through respective outlet piping 315
to collection piping system 902. Collection piping 902 collects the heated
liquid coolant flow ng out of the nultiple server racks. The collection

pi pi ng 902, in t6r Mheisgstéhun dbrybinetupl edh the wildingH9BLC whicahofpulaips23, he
col l ected heated |iquid .cool an hr ough pi pi n 06,.to a fluid line 908 in a
heat _exchareran gie s(%’ﬁf@mﬁéaff@alahﬂ%a d3aRibto e DRIdInG T ne 908 1 o ther y
coupled to a cooling fluid flowwng in [ine 912 through heat exchanger 910.
The cooling fluid in line 912 , in turn, is coupled to a sel ected one of
the heat rejection or cooling apparatus 352, 354, 356, etc as previously

described for either dissipating or recovering the heat absorbed by the
cooling fluid fromthe heated liquid caglant.



[ 00107] The cooled liquid coolant exiting fromline 908 of the heat
exchanger 910 is then fluidly coupled through distribution piping system
914 to a wbuosldibsn7of parallel piping 916 fluidly conneetedstamowsisves 918.
Val ves 918, in turn, are fluidly connected in parallel to the inlet piping
370 to the multiple server racks 310. [00108] The controller 920 may
receive nonitoring signals of the tenperature of the heated |liquid cool ant

exiting the server racks through control lines 924. The controller nmay al so
receive nonitoring signals of the flowrate of the |iquid coolant at
various locations in the piping 902 through control |ines 925 and the fl ow

rate through the punp 904 through control lines 926. The controller 920 may
al so recei ve noii’t gy sangersogmadlusdly ebatected to o firsidcatygzehagesdsteig &rcgtedool i ng
appar at us zeleﬁ%ed and thE%fIOM/rate of the cooling fluid in the selected
secondary ¢S g aSpHIRt (% FRhYOLYH™ EFNPYEIE1 i nes 928. [00109] As
previously described, the controller 920 operates an application program
that processes thRabtn@ndmktdePiinpemahieadr {o10m fhecontitifys dBNUiORRE si gnal s
to selected an opti num el evated tenperature, the energy needed to be

rej ected byoeldst;systemto cool the servers and maintain the el evated
tenperature, and then determ ne the various settings of the system 900
conponents that w.l i j: - r re of the
T qui d gool ant Sir et it AGRHEE hnb, Bb 3ol Heaheol (AN © O
vari ous conpofigntd toohotidteblg ysicenn a9flGrationdfriodldpedddmyly toperablenervaeld, er 920
include any fluid velocity augnentation devices positioned bel ow the server
racks, the punp 904, .valves 918, the valve 390 (FI.G r swi.tching the
fFow of |t he’ hencdtu IR Gagiai Y ferwpsrewdrontary cedbri fyr BT & ue t o be
used, and tBecR8} BRURLLEACICRIDY OBt BIMBRAAS@ S -mdRlkks dRh tHfiRaapst rol | er
may adj ust the flow of the cooléd |liquid coolant through each of the val ves
918 to adj Gkt resprstivobarmess of submerded ama ablunteeofebddbac lifgdicdoleoiioaabsosmogag t he
differqgt erver ra ks 319. OO%Rélﬁqu? antroLIer 920 may control any
fluid val olFy/ TN GRENFRCER: S BE PN SEYFE ™ acks t hr ough cont r ol

| ines and may al so control the punping rate of the punp 904t hr ough contr ol
line 930. In addition, the controller 920 through control |ine 932 may
select one of a plurality of secondary cooling apparatus 352, 354, 356, etc
to optimze the secondary cooling apparatus to the environnmental and server
rack conditions %ﬁ%ﬁseat}ﬁ%pleﬂf@t Ghal vcevﬁi%aﬂ?e 6@&5@@%@@&%&9@% by

sel ected segondalyy 6OANRAGARPAREhLS eQ&aﬁgé%Wtiiég%Jﬂeg%&Brb%F% ol i ng
fluid in the secondary cooling apparatus.  METHODS OPERATI ON 061 12]

FIG 16 il ldigd¢atae bguidmoelrenipdracycmatthopluodlity obéarvegs.one or nore

i ndependent|ly operable servers at |east partially immersed within a liquid
cooIanH inside a tank with an open interior volune. This nethod may be used
to inplgnent the systenms of FIG 1A or IB. The method includes a step 10 of
flowing a dielectric liquid coolant in a fluid circuit through the
plurality oR. sernerssrvieffRisettlaiht 16, Whebgn tealo@pler bdmprisasih fluebe@lupler féror
absorbing at | east a portion of any heat being dissipated by the servers.
In step 12 fluid cowrtperthg dickeceic 1%%‘&3/ sqodt ép s dirstheatgxchangebast one | ocati on
is nmonitored by a controller. In step 14, the controller determ nes what
tenperature woul d be the optinum el evated tenperature of the heated
dielectric liquid coolant as it exits the plurality of servers such that
the exiting liquid coolant sufficiently cools the plurality of servers
whi |l e reduédng tlhe sarvoursonodf daier Y wheresunmed to sufficiently cool each
respective server. As previously described, the determ ned opti mum el evat ed
tenperagture perferably is.a t rature signifi.cantl i gher.than the
typrcatPoont or t 461 G SDE STk P b Sy et AU SRt ReO R e i mum
per m ssi bl glidlenpeligiidceolaht;t he nost sensitive heat generating electronic
conponent in the servers. In step 16, the controller periodically

determ nes the energy needed to reject the heat absorbed by the liquid
coolant and maintain the liquid coolant exiting the servers at the el evated
tenperature. In step 18, the optinmm secondary cool ing apparatus to
mnimze the amount of energy needed td8be consuned to maintain the

el evated tenperature and cool the servers is selected. In step 20, the

| i quid cool ant heated by the servers is thermally coupled to a heat
exchanger. In step 22, a portion of the heat absorbed by the |iquid cool ant
fromthe servers



is rejected through the heat exchanger. In step 24, in response to the
energy consunption periodically determ ned, the anmount of heat rejected

t hr ough twe 2nmati9|mxchanger is periodically adjusted suclkrctrhmstomhessbs qui d
coolant exiting the plurality of servers at theel evated tenperature
sufficiently cools the plurality of servers while reducing the anmount of
energy consuned to sufficiently cool each respective server. [001 13] It
shoul d be noted that it rmay be desirable to also nonitor (i) the
tenperature of the liquid coolant at nultiple locations, (ii) the flowrate
of the liquid coolant through the fluid circuit; (iii) the tenperature of
the el ectronic conponents of the respective servers by connecting the

t enper at ur e si grild snecwrtrpert nedinbyg stearbdesr ale ponnaredivalliy tlevaictiabldusenfer s t o
the control] er;, and t ower_con ti.on of the servers.through signals
out put ced ok A eortuPd B o GRERREHER pih o MM ShseRsShanse Lot he
energy consunption periodically determ ned and the flow rate, the

control l er may peri ogh gabhylcedy smdrb&l pssiinngitiiatie: @fuid BedlhitQuiidtheon! ant
t hrough the punp and the heat exchanger such that the |liquid cool ant

exi ting t heosenaedrlguid caohnt epldsest iad coaimper menifeld gipprabeyewe pjuraldsiof t he
plurality r iyl e.. ] t .

Surt ci snt oy ana Tl S ERHEh S B R Rl By RN BT R bR ¢ e
operation of the cooling systemdepicted in FIGIA and further depicted in
FIGS. 2, the heat exabavgthr bboemai trechhlysuchjtiea hivotuneaf liduidoodlde id i qui d
coolant is |located externally to the fixtur aratus _and the, net hod

enpl oys a fF5a4d hepeengpack Hﬁﬁhﬁﬁ%ﬁyﬁ%tmeéewa and s betian obthE SEhKkAEH . t he st ep
of thermally coupling the liquid coolant to a heat exchanger includes the
step of fluidly couplsagihbh@e ldicdiiénst GARN 8B8lakiA1ovsdh atabd il epaliedithgat |
exchanger and the flow of the |iquid Coolant passes through outlet piping

i n the tankhd fank thaofighsgadh of thewiluralityatf seryeparti al |y outside the tank. A nore
detail ed description of the steps occurring in this enbodinent is set forth
bel ow iR connect} | . description of FIGS. 17A and | 7B. [001 16] In
connec#pon wth %ﬁgouééEQ |§ﬁg§f the cooling system200 in FIGIB, the
coupl er, such a heat exchanger, for directly rejecting heat fromthe heated
| i qui d cool ant fl| ow ng l¢dst eugivat riehsegey docated 2tkeinal loachataall andtteemallyy to t he
tank 210. The thod of operation of this system 200 enpl oys second type
of t her modyRYMF tq:@le deeleciric l[lqﬂl% C%@lﬁ%trh?aﬁea% th Rlpeiie meﬁ%ﬁflg t he met hod
include the steps of flowing at least a portion of the cooler Iiquid
coolant in a first flubehhart @l cREuibwithabolih@HhM if fufdddnnbdoauath @ach of
the plurality of servers whérein the liquid coolant exiting the plurality
of server s disalhelataed hent axchehgsrand tha istepe lntlogagsd hdabexphhnger odwrsiin g t he

heat ed . Li qui. ool.ant, t hrou a.coupler to a cooljng fluid located in a
first 6gr?%%ﬁ“% °Q¢§888§%“%@ﬁ?ﬁf§¥? f:?ﬁ?gﬂVlr§m%ogpling t he heatedcool i ng
liquid in the first portion of the second fluid circuit to an external

di stal | y | ocat edhdéistalletarddest dxehianpei Bakidri@llatol@estio the pedlingdni®f t he
heat coupl ed t hrough the second liquid circuit fromthe heate§ dielectric

li quid coolflenting i e seopnday sluicherauiaviesein die dslly igated dicet eangeneidisst al |y
| ocat ed heqh@xeRANGSE bR RUERIRe TREPRMHAAS Lnd BuldbsSREA R f1dikled
circuit to the coupler; thernal § coupling the cdoled cooling ui d through
t he coupl erdidlecttiBqdid rcedlapoat theocoupfert he first liquid circuit. [00 117] This
met hod may al so include the steps of nonitoring the flow rate of the
coolin% fluid in the second fluid circuit; and nonitoring the tenperature
of at Flast one of the heat - generati ng el ectroni c conponents in each
respective server; periodically determ ning the energy needed to cool the
servers by the goolThBde@br fobf draddifLk adkidigdthtlont dr hRdrd MEuMaR! Embers are
tenperature. This method may al so include the step of enhancing the fluid
vel oci ty ofconfigured 81 @¥qrtifad oficnfpdon Withinghe tierios eolspaston siipgnizingith vel oci ty
augnent at i i ) . reyv I I rein.
00 12 1 Aoy BNHRe e NSy PRRGT AF ARFY! GUF i REELIRRRECE o)
needed to reject the absorbed heat and the flow rate of the cooling |iquid,
the method may al so include the step off9eriodically adjusting the flow
rate of the cooling liquid through the second fluid circuit such that the
liquid coolant exiting the servers at the el evated tenperature sufficiently
cools the servers while reducing the anmobunt of energy consuned to
sufficiently cool each respective server. The nethod may further include
the steps of nonitoring the tenperature



of the cooling fluid in the second fluid circuit. [00 119] It should be
noted that in the system enploying the second type of thernodynam c cycl e,
t he fl ow w0 20fven1b3iqui d cool ant i s contai ned inside the tramkiszevmbizeh t he
servers are subnerged. Preferably the fluid flowin this first fluid
circuit is fromthe bottomof the server through the server to the top

t hereof, where heated |liquid coolant exists. Once the coolant exits the top
of the server, the coolant is cooled by passing it through the heat
exchanger in the liquid coolant. Once cooled, the liquid coolant sinks to
the bottomof the tank. The flow of the coolant in the first fluid circuit
can be supplenented by fans, internal or external to the servers. In the
preferred dobody mstllaticooid mgovakdsagh mspectigascryérevighaut rangowarfig othe heat ed
cool ant fronltge servaﬁ 66[Jr"{0012 ] FIG 17A illustrates the physical steps
in the et KSEBREAGS M SYNE: 87 or e | ndependent |y oper abl e servers
imrersed in tank of liquid coolant enploying the systemofFIG 1A or FIG

3. In step t@fecoivetiepliRAiBOSE tht b&tuérd cloell: d}acéﬂt@a\@né ModhdrRecH hpkwhént H t he
servers. In step 26, the dielectric ILQ« coolant flows in a fluid circuit

t hr ough t h@hpwleﬁmf ﬁ@ryer@fares@pv@algly.lwfé edhaflenohtheHisuil okt betevern i d

The. cor jer Sty RELEEAHRY R bedh ASGEIQR Rl R IE0Hs BERRR JAREHARITD Y

opt|onalIycemhmﬂmﬁﬂgbyadsmmgeﬁhpﬂﬂvvehﬂamty augnent ati on devi ces, such as
fans, in and outside of the servers. In step 30, the tenperature of the
liquid coolant is nonitored at |east one location within the fluid circuit.
In step 32, a secondary cooling systemis selected to mnimze energy
usage. In step 34, the liquid coolant heated by the servers punped to a
heat exchanger diist@klsyrvboeahest ddigmd Recteank. In step 36, at least a
portion of the heat absorbed by the Iiquid coolant is rejected through the
heat exchanger. In step 38, the cooled liquid coolant is fluidly coupled
back to the tankthe infcraaly logated et oxPhanger qamprisas athiales sewnierang asswitlehg
appar atys i r

Fep 430" such 3 EGepBufhitabich TRh S b AL Th R Sl IR B "
cool i ng aprmﬁltl&id;lsleﬁhc |11Quﬂtf&ﬁn441rsttﬁaetldxﬁ1fené ackt ﬂ&ﬁttcurcalt hes Ovee tathdptuiche

sel ected secondary cooling apparatus. [00121] FIG 17B illustrates the

comput er cAAf e Uit eppis Cehaps therflowe #@t%actaﬁ ligyig) 3t Agecomd tgnperpEs

| ndependent) exocﬂﬁ{ &Q'f&st%&hﬁfeefﬁﬁré ol §e%9ndlg HigRlor fe ﬂrkﬂ’ﬂ* {i’eﬁ&ﬁ{ ant enpl oyi ng
the systemo I'A or . I'n ste %, t he con receives

signal s relatlng to the systemoperation fromvarious sensors relating to
tenperature, fluid flow, and power consunption. In step 54, the controller
determ nes the optimum el evated tenperature for cooling the servers. In
step 5 the controller periodically determ nes the energy needed to cool

t he plu?allty of servers. In response to the energy consunption
periodically determ ned, the controller in step 58 periodically determ ning
the optimal secondahy S600H 1o0gh éeildio It evhoid the Z&vardiehipdistageofitic or der to
adj ust the anount of heat to be rejected througg t he heat exchanger such

that the |idfledriebaridspolantis pigmpnaum venlieanglydrshes thag ke gpicheonzogihiced
t emper at ur gog i fbr ARk HRG0PLURE o BimBRIDFRR Y LEpEadHCLR Lhe
amount of energy consumed to sufficiently coo respect|vg server.
step 60, t hie mosttsemdifierhaegarrtingsldchreniprcefmpoadit én thetpluralgy of ecrvedse
dielectric liquid coolant punp, type of secondary cooling apparatus, and
optlon bly the fluid velocity of the liquid coolant in the tank. In step
controll er executes the output control signals to the punps,
valves, and fluid velocity augnentation systens, i.e. fans or nozzles. In
step 64, the congr ol Ik sprveriodasofcldial 3 ReRAS Hedatd topémnideompanrt: t he
systemfails to operate as planned. For exanple the controller provides a
failure notification is there is a safety issue or the systemis down for
any reason. [00RpZJevpieddempraptpre infle rapgs ahdhdeareest s I3RelcgrenBds di scl osed
in the exenplary alternate embodi nents described herein for cooling server
racks immersed in a dielectric liquid cgolant by maintaining an el evated
tenperature can mnim ze the anount of Bomer required to cool the servers.
Thi s acconplished by taking advantage of the nunber of irreversibilities or
tenperature differences present in a normal server cooling systemthat can
be reduced to inprove cooling efficiency. The reduction of tenperature
di fferences between the incom ng cool |iquid coolant and the heated
outgoing liquid coolant is nade possible by: controlling the anmount of
| iquid coolant flow to each server by using speed nodul ated fluid velocity
augnent ati on devices to ensure flowis sufficient to cool



conponents with changi ng demand; and a controller maintaining cool ant
tenperature at the maxi num al |l owabl e tenperature (e.g., between 90 and 130
degrees Ryohyiwmpsig the efficient heat renoval nethods @esarstimeds3zdvhe
conputer controller doesn't necessarily have to separate fromthe servers
that are being cooled. [00123] The reduction of irreversibilities in the

t hernrodynam ¢ cycl e increases efficiency and therefore reduces overal

power consunmed. Wth the described features, it should be possible to
safely maintain fluid tenperatures at approximately 105 F, significantly
hi gher than roomtenperature and the maxi num US aver age outdoor tenperature
by nmonth (75 degrees F during sumrer). At this tenperature, heat can be

di ssipated with m ni mum power or recaptured by heating other unrel ated
conponents such as building hot water or anbient indoor air in cold
climates. Further, this nethod s@pQLd f?ninizetor remyve t he, need for
energy-intensiv ther%ﬁﬁeﬁ?5%8§§%§:% OCWQFE%PJFfﬁ“? CUPFEWEC Bt hods of

ser ver / COMthpdrateROini thdranpbb£ 100 depkaed & dnafinogegtd pn as the primary node of
heat dissipation. If heat dissipation (versus heat recapture) is desired,

an el evated cool ant tenperature allows nethods requiring up to 1/8 or |ess

power than conventional refrigeration nethods. These | ow energy nethods can
include direct fluid to air heat exchangers, evaporative cooling, or other

si mi | ar smet hods .3 sRafhEisGeLAlbRbf dMANEVE uheRAN RS U Aot Red HUR LETBRErGO! | Ng
met hods di scl osed herggﬁ’mhile consunfngea niniﬁunﬁggmeﬁ.[00124] %?tﬁough

t he i nvent iassoctagsl witlen sclected ool the gmup@bmiﬁhgmfmwapqud wefregdbgdinnent s,

t hese descriptions are not nmeant to b onstrued i,n limting sense.

Var f ous. nodPPITEl GRSTBE QU AP UaiE<edn o et gin pat SBEBF I nat i ve
enbodi ment eabrrhig wolk Std @iV dder RS i RRBIHSNSN thereBEr SONs skilled in the
art upon réference to the description of the invention. It should be
appreciated by those skilled in the art that the conception and the

speci fic enbodi nment disclosed may be readily utilized as a basis for

nmodi fyi ng or designing other structures for carrying out the sane purposes
of the gresent ipv i s : . 7 : I in

t he arggthat sugﬁ'g%%F@gF%%%nionsfgﬁgbﬁgﬁgﬁg%ﬁﬁg?5§gb§¥¥&#$§§ﬁgﬁgk%%?rit
and scope olic HNVAG sysemit baing asnfietred ordidiribute bhieasapp@ndéthedical absorbp 0L 2] | t
is thereforg, contenplated that the clains will cover any such.

modi fi cat i GHCHHC Ewﬁgéf%%@ssu?%&geg amﬁ 1%?%\?{'@43%1’% eSLUGHE BN ipfeast a

i nvention. \W9AGAl o7 thLMiMER ! S 1. A systemfor cooling a plurality of

i ndependent|y operabl e servers containing heat generating el ectronic
conponents, the systemconprising: at |east one tank defining an interior
vol unme and having a coolant inlet for receiving a dielectric liquid cool ant
within the interior volune and having a coolant outlet for allow ng the

di el ecteic |iqui I flow fromihe,i I h t
Mniet - dd the odd ane sk EBrhuyiRTRhNGeLBE Biidhs YA Sr S8 2
mor e nount iwl@grdie ety cp &sunt isexean iyt Ibtdicd Rtativot@theduild@gume and confi gured
to mountably receive a plurality of independently operable servers; a
dielectric liquid coolant; a heat exchanger fluidly coupled to the cool ant
outlet of the at |east one tank, the heat exchanger being distally |ocated
fromthe tank; a punp fluidly coupled to the heat exchanger and the
interior volune3gf ARl off 88SngNRutadiKof ihiGcRUHRY RPLRAGICRAI OB HOT
punpi ng the liquid coolant through a fluid circuit conprising a first
circuit poreiigenesatiegidicoigorfic compdnentsao leasit partilkytimpfersddevithink dideatach

server ,,a second circuit porti extending from each respective server to
Uhe codPand g cogfint iidsiartai Rl aT pgbRts' i vaRledomg P FEm  he cool ant
outlet to the heat exchanger, and a fourth portion extending fromthe heat
exchanger to thelosasd adicldchicEliquidcssiaitinh fRid fiesuitreouble Hengubhe dfesRersat ur e
of the liquid coolant at at |east one |ocation within the fluid circuit and
for adj ust imgersed withenthsrdiglperie jigyid coplant for gbsorbing at lawt atprFtiigH aprécet| ui d
circuit in j LG Liguid. cool ant is maintained at an

el evat ed té%%%&%?%?%hggnggggﬁ%gg&%h%“%gggﬁg’circuit portion of the fluid
circuit;wherein the at |east one tank i°4 configured for containing the
dielectric liquid coolant within the interior volunme such that, when the
plurality of servers are nountably



received therein, at least a portion of each server is subnerged within the
dielectric liquid coolant for sufficiently cooling each respective server
when t he wenkiomosafficiently full of the liquid cool antcriusk@9omsssns ai ni ng
the exiting heated |iquid coolant at the el evated tenperature to reduce the
anount of energy consuned to sufficiently cool each of the plurality of
servers. 2. The systemof claim1l, further conprising at |east a second
tank for nmountably receiving and submersibly cooling a plurality of

i ndependent|y operable servers, wherein the at |east second tank is fluidly
coupled to the heat exchanger. 3. The systemof claim1l, wherein: the at

| east one tank defines an open interior volune; the one or nore nounting
menbers are confmguioadg the ttmpertatint 9f the digindecophat il an teabt dng lofatioe wrdrsthen a
vertical orjenptation within the interior volunme, thereby mnimzing the
footprint SMf¢HEYerver relative to the ground, with the front of the
server facing upward for easy installation and renoval of a server w thout

the need to renmaer@misl Gt wbimanyeclOtHel eHPErtire BF thRihRattih@icltkc lidhid The
system of claim 3, wherein:the one or nore nounting nenbers are configured

t 0 nount ablopokepiasiitexitsiiee pluraliay o seresrs sish st shecliaaé peoladjsaldisimntly soels éhe

t her ct & , , ' ic Liqui | ant . th
o ur a1y GRS e S iR Rlcin e UL ch ey oI B BT R, YA 11
di el ectri c chetoespecaoobandr, wheeinghe theatpd wnaderdtyreds a saniweedtare ssgrefitariged. 5.

The system of claim 3, wherein: the one or nore unting nmenbers are
confi gur ed hﬂ%leﬁﬁﬁﬁtt%%qyylcﬁle‘i%ﬁlfg’éalﬂﬁéo%]ﬂ trmapergtyredpr w%@dé%@féf% hot t om

of the tankn%]xgngﬁl%}ﬁis@ayeqleﬁagaaﬁﬁe éﬁ@g : sFQéﬁEﬁigE Ppag\t%%ggattnﬁgéapctf&l%@ecti ve

server and t ottomof the'ta at t dielectric
| i qui d coolcampondnt authk plurelitylofisaivetsy of servers is inproved. 6. The system
of claimb5, further conprising: a plurality of fluid velocity augnentation

devi ted i h I .of . 1iquid | ant bet t he pl | i f
o0 o el PutPBBl o Ko PP PRl RO e
l'i qui d coolaBgdrbdd hidat FortcBslidadhk pldriay @pYeri-e@r ovi ng the flow of the cool ant

through the plurality of servers. 7. The systemof claimb5, further
conprising a volunme of the dielectric |iquid coolant sufficiently filling

the at |east onédheramlly sergingrbg diclgaisis liawid gsrolanaheatgd by thegywality ofservers

nmount ably . I i ortion of each server received
i's subnergégga%%ﬁgﬁﬂ%%ghgggﬁ%g?%gg%%?g%Fg&%%oIant for sufficiently cooling
each respective server.8. The systemof claimb5, wherein, when the
plurality of semrgectsrgaatécasoupdreibh pf the heatabdorbedibin theeBgedtic liquigdeovlant;i s
subnerged within the liquid coolant such that a volune of dielectric liquid
coolanﬁ collects in a common nmani fold area above the plurality of servers
to inp dve the circulation of the | i quid coolant through the plurality of
servers, thereby enhancing the cooling of each respective server. 9. The
system of claim5, Wigi®psriscab tHeqREbIQRtcHhidallén BEAL aBRNBI FHldnBGyalcegdd oni ¢
conponents is a disk drive with a novabl e disk; and a |iquid-proof

encl osur e it@rdiers & hegt gperbed by thi dirlegiriciguisk gagfant fopriae plisHEy of 83vers by he
server int el e i Lguid d whghel L qui rLaaf encl osure
traps air ﬁggﬁﬁbﬁﬁéﬁﬁgggapggngiiﬁnéggégvenﬁghﬂﬁggﬁgt%gg@g%$}§%6n1entering
t he porti orxcdfanphesudh ghat thei dideanatiguidicoglahhexitinpvibptirdits lof sders Athesyst em
of claim 3, wherein: each the plurality of servers conprise st andard
r ack- mefint giﬂVéteéé?%qr?tuw%%m ol Bsphifs Ggﬁﬁifﬁ%js Ml arciciedh, BMPIYur ed
to nount abl¥ s &6eLyGumheBMEhHELKP oS tanfat sl fiackshgunt ed servers wherein
t he standarderagg-nngnfed seHV%r ga% be su g#tedr&?thin the tank w t hout
significant nodification.1l1l. The systemof claiml1l, wherein the el evated
tenperature is a tenperature significantly higher than the typica
confortable roomtenperature for humans and | ower than the maxi mum

pernissibI%9Fenﬂﬁéqﬁ&ﬁ§iggd&ﬂgnﬂgakﬁ%gnsitive heat generati ng
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el ectronic conponent in the plurality of servers. 12. The systemof claim
11, wherein the elevated tenperature is a tenperature in the range of 90
degr ees Rvendioldosidegrees F. 13. The system of cl ai m 11pCcriuse@nnsishe

el evated tenperature is a tenperature in the range of 100 degrees F and 110
degrees F. 14. The systemof claim1, further conprising a secondary
cooling apparatus thermally coupled to the heat exchanger. 15. The system
of claim 14, wherein the secondary cooling apparatus is configured to
recover at least a portion of any heat absorbed by the liquid coolant from
the plurality of servers in the at |east one tank. 16. The systemof claim
15, wherein the secondary cooling apparatus conprises one selected froma
group consi sti ngthoftea of dpomalty cdupling tird lgprdtocdmt appdrstalydocatedtont i ng t ower
apparatus, a fan for bl ow ng atnospheric anbient air, a heat engine for
per f or mi ng SWOARECTLOMPEBY ecover y apparatus, and a conbi nati on t hereof . 17.
An apparatus for cooling a plurality of |ndependently oper abl e servers

cont ai ni ng heat fuRARY aicldagiceag floanthe dGNRABENESheat BEheR aNgsapp@r at us
conprising: at |east one tank defining an open interior volume and having a
cool ant i n|t@ﬁp¢r@tﬂrqféwgbuawg0@nwnéqt@tthmt@ml wgfm‘n@ thowicand tompeHitieihlowspen
interio ool ant outlet for allow ng the coolant to

fl ow frtg)m %ewgegfr%g?tg erniﬂ%raﬂ%%l’ ume, the coolant inlet and the cool ant
out| et being fIU|dIy coupl ed to each other; and one or nore nounting
menbers posi t i orfleaving athbarstamertiomtaﬁrtlhaxtiekwiriurhqdair@otzmnfdcgiuedeﬂltm therranknt abl y
receive a plurality of servers in a vertic ori hin the

htert or - vaMGHEr fgonkR lﬁm[eﬁﬁau%hnt@epﬁks%lﬁw peris fa sl IS BTEOR o ¢ he
ground and gphihiRGed g%@ﬁer%dﬁog)%aa%fvtﬁé phAfitper wpwald for easy installation
and renoval of each of ‘the plurality of servers wi t hout renoving or

di sturbing any other server; wherein the at |east one tank is configured
for contai ni ng eﬂOGNl% étd@EFSlT@pDTtwmcf thedatedtdigipatiie digquitecdoing exising ¥l ume such
t hat Iur are. nount ab receive herel n, at |east
a portﬁ@ 6’?“ ht rgra gleiledlaﬁrgt}er{l%%?mrecoeui ¥1§ o Fantoql “”ha vI\%kthl n the
dielectric vifheﬂéih dlmala@ﬂbuttsvﬁs Bufifyl wuplet Ito/tlféqﬁ)dtalngloeaedlhéaesja@ﬁh atenserver
when the tank is sufficiently full of the liquid coalant. 18. The apparatus

of clai m 1Prderden #&pascopesips PhHicdcsidremhedicaicdaliglp@rie selpn 1o byimiertedbol ant

sufficiently filling the at | east one tank such that, when a plurality of
i ndependently o I BloM Y (=1 gﬂ Jiea Agrtion
of each server E@?‘ﬁgcgu ﬁ{ éocﬁée(g(g%gtg&?@hsdu O(r?r)er e]s h@hle n%t ﬁ%m ?qw d

cool ant f orsulsudrftially et deyombtempa@twaahthe eeqziemttmbtemsthe tek, WBerefntheappar at us

of claim 17, whe en a plural ity of inde netlyoerabl ervers is
mount by K eitge fotd senemSptustias hil isn PESRERG Bty AEHeRRAgB W  hi n
the diel eCtp'ldrﬁhtly'oq'dé&el%QQhﬁ%nﬁ férrej%b'tfaft'l&dsﬁaﬂfaérﬁoﬁGP{Heflﬁate&%%}bé@ﬁ?ﬁfét Ive
server. 20. The apparatus of claim 19, wherein: the one or nore nounting
menber s ar elidentfi¢ Bm lédoolantrfnunttmlyrailéc%ﬁwe’em@mﬂ)l urality of servers

cl osely adjacent to one another such that, when a plurality of servers are
nount ably recei he t cool ant
bet ween t he pl u?f% %ﬂ;ggﬁlé@%fgta?dg&iﬂfélpglfﬂiugrﬂo e@Lt tﬁlpougg tﬁ% }alillt Oflgeﬁ'%dsd t her eby

enhanci ng tcbptik@w offlowirg ali leAsea poitionlof g del@a@baqrqmdtdmbmgfecélhed pit(ufhal ity
of servers. 21. The apparatus of claim 19, wherein; the q

mount i A§ @W@p&rpél%ﬁvltWém @nws@ﬁtramrg)ugfe@ép%alﬂtﬁ@f ﬁwwaﬂmw‘r%ﬂ
servers ab t het ween
each res pe%ﬁl&%ﬁge@é\}éértﬂghg uid nglah@@{ a%stop&ﬁgp%g%%g%bﬁ ovf (lgl? ger mt the
flow of di elmqiateldd)ylthqp]uchlﬂpof&mﬂzers.hr ough the plurali ty of ser vers 22. The
apparatus of claim 21, further conprising: a plurality of fluid velocity
augnent ati on devices nounted in the volume between the plurality of servers
and the bottom of the tank such that, when the plurality of servers are
nmounted received therein, the mxing of the dielectric liquid cool ant
within the tank
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is increased, thereby inproving the flow of the liquid coolant through the
plurality of servers.23. The apparatus of claim 17, wherein: the one or
nor e nourwongiompdier s are configured to nountably recei vetaspdosnsisngy of
standard rack-nmountabl e servers. 24. A systemfor cooling a plurality of

i ndependent|y operabl e servers contai ning heat generating el ectronic
conponents, conprising: at |least one tank defining an open interior vol une;
one or nore nounting nenbers positioned within the open interior volune and
configured to nountably receive a plurality of independently operable
servers within the interior volune; a dielectric liquid coolant circulating
inafirst fluid circuit through the plurality of servers; a secondary
cool i ng sydgehhhereihng ol cleooBPnigrthénkodnfrisoyg: ng in a second fluid circuit
wherein the secondary cooling systemrejects sone of the heat fromthe
cooling fluid; a coupler, |ocated within the.at. |east .pne nky f.or. thermal |y
coupl i g hoat ed MIBRERE ecREDHTaRt s Al ds eFBRtPOpRh AU by
circuit exighiing the plurality of servers within the tank to the cooling
fluid in the second fluid circuit for rejecting sone of the heat from such
heated dielectric coolant;a controller for nonitoring the tenperature of
the dielectric IMoEng s tampergturepl atdeast onpef the Beatizencrafingn¢lectionés f i r st
fluid c'rcq%ﬁlgﬂgngor adjusting the flow of the cooling fluid through the
second fluid &rrcurt in order that the heated dielectric l'i quid cool ant
exiting the plurality of servers is maintained approxinmately at an el evated
t enper at ur e wheneiasporive telhevatiedictderrpmmation ef ths asnotiehgfematgymeecdddgniréjegant | y
hi gher than the typi.cal confortable roomt erature for .hunmans | ower

S AR I b R T R R et

gener at i ng fRivefkkd, PBMpinEAAP BRRLEd IRul DE U H ERbI Y he luReEN&itnd WeRb @411t he at
| east one tank is configured for containing the dielectric |[iquid cool ant

wi t hi n t he admsenrg e floot aireofshe Rictdetiic, liquinkepaldnd thiypughathic pympfand dha/kges ar e
nmount ably recei ved therein, at l.east..a substantial portion of each server
e oG o S CHtmER S Al b BB ES A B pBPL BT s R Becool g
each respeeldviedsanpeituvhaiffidibely coks ths pRudlfty 6F gattdry whilk reddbinighie hingutitd
coolant maintaining the liquid coolant |exiting] the plurality of servers
at appr oxi Phedrgy corsugicd s Wi cicaty e9qd casteresRecHERSREESTt he ampunt of ener gy
consuned to sufficiently cool each respective server. 25. The system of
claim24 in conbination with a building H/AC system the HVAC system bei ng
configured to distribute at | east sone of the heat absorbed by the
dielectric liquid fromthe subnerged and i ndependent|y operabl e servers
within at ldéast Thepoathodof adim Hk fixther diharpin e stephd nsystoang the teoptriatvat dON
wtht bui | di AC. system of claim 25, wherein the systemis externally
Iocateggreﬁ%?$$§9?8 FWEP%ﬁ#T%FWBPQ$§'A server roomfluidly connected to a
first heat exchanger distally located fromthe server room the server room
conprising: at |@askorfipaht eipei@iiicr g dblcbthi @iguil cosRintia® f10fali6ot ai ni ng a
dielectric liquid coolant; one or nore nounting nmenbers positioned within

t he i nteri decafionuyrhiaribe Befdiiguited t o nountably receive a plurality of

i ndependently operable servers; a plurality of independently operable
servers wherein each of the plurality of servers is nountably received by
the one or nore nounting nmenbers such that each of the respective servers
is subnmerged in a volunme of dielectric liquid coolant for absorbing heat
from each H@specticthedofnelach 38hehptmral ity of servers; and at | east one
coupler for thermally coupling the dielectric liquid coolant heated by the
glbg{)?lbggybgf t ﬁgrt grs?epto? ﬂ%@v?ngf a ghsefecgl%q}qule&( goho?ar}lg ﬁ{ro&é:hr the %lu%%t&% sé[rtf]grs heat

comprises:

flowing at least a portion of the dielectric liquid coolant at a second temperature

in a first fluid portion of a first liquid circuit through each of the plurality of servers
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dielectric liquid coolant fromeach of the plurality of servers. 28. The
server room of claim26, wherein the coupler conprises a fluid coupler for
fluidly cwopbiomgotine dielectric liquid coolant to the fipcstush@asmseghanger .
29. The server roomof claim 27, wherein: the tank conprises a tank having
an open interior volune for containing a dielectric liquid coolant;the one
or nore nounting nenbers are positioned within the interior volune of the
tank and configured to nountably receive each of the plurality of servers
in a conpletely submerged position within the liquid coolant such that a
volume of liquid coolant collects in a common mani fold area above the
plurality of servers to inprove the circulation of the |iquid cool ant

t hr ough t hevhrain e lignidfodart eriting txbpuelityhef dsoteroimhedted heant deNatglich t hat a
volunme of [iquid coolant |s created between each of the respective servers
2nd the. botTERTBHT RActHiR S sGRET Lt iHe: Ine: drares RSl RERE G0 ant
flows in a first fluid circuit wthin the tank through each of the
plurality of sennestsp of thermslyoapliOmbidict@sric Rjuill easiiniane digaly lB¥mbERNger

| ocated internal to the tank and thermally coupled to the dielectric liquid
cool ant hedr#iExplangaecypiisasi ty of servers; and a secondary fluid circuit
wth a cooling fluid in fluid connection with the distally | ocated heat

exchanger and t i . . g i Lelectric
i qui d Goot ant - dPrarE B (i RREH Rl AP MIBLEL P htferb B o
heat exchargeling Suitlheranmal ihy fostypirgeh ¢ schendchaliciguit;l uid flow ng in the
secondary fluid circuit wherein the distally | ocated heat exchanger rejects
some of the heat,fromthe cpoling fluidwhjch the coaling fluid sor bed
From the heat ed THF Getine T histel cosBh&ABRLE o B BitBPE AT msnteordd gt ver
room of cl 2R thwakLlyNotA& IRAEcRhaARYE SorPRj4Bih 4 1BRIDBEFioR e tHea¥hi gur ed
in a vertical orientation within the interior volume for mnimzing the

f oot print obuplhéthseyahethe pedoad ligeidtcarenit &ogr bahdatedvliclectrivdiquidenolatt; each
server facing upwardfor easy installation and renoval of each respective
server (W thout remVi ro.di ' - , r l.ye the
pIuraIﬂpg of thgﬁggysgggggﬁ@%%%ﬁ&g%¥%8g2¥uﬁ%@o%%£§%§§ﬁg?égﬁgt8¥wgﬁﬁk%en a
plurality dfonseicukstsllyaloeatsd et @bdthanparsh@upled sccond@oftlodwlalic dcoend figuid d

cool ant between the sides of the plurality of servers is restricted,

t her eby enlfHRel Hythe SRURlEHADf the |iquid cool ant through each of the
respective servers. 31. The server room of claim?29, wherein: the

nternal ly | ocatgdBRtofEIRIRI0ICOBRRS B ictRrduh e GRS BT R PRRH | et

coupler in fluid co nication with each ot her erein the inlet upl er
recei ves a of thewirsfliquhdcidével. ectric liquid froma first portion of the first
fluid circuit at a first tenperature and the outl et coupler exhausts the
flow of .the dielectric liquid at a second tenperature |ower than the first
tenperé?ure into a second portion of the first fluid circuit. 32. The
server room of claim 31, wherein the elevated tenperature of the dielectric
l'iquid coolant i43. a tRwpedtedédisfclsmodD, ffirtt@ntbyiphsigher than the typical
confortabl e roomtenperature for humans and | ower than the maxi mum
perm ssi ble tenperature of the nbst sensitjve heat generating.electronic
conponent in t h&Qigragihefley A PL W So0131g ol dn QErsgem Bk GG PBd m 31,
wherein the first tenperature conprises: an elevated tenperature in the
range of 90 degrgfsiofingft ti3BedRIE 6L5 1&asBlne IR RO LBAChAYRISrdni@l m 31,
wherein the el evated tenperature is a tenperature in the range of 100
degrees F anupoaditsiegrees F. 35. The server room of claim 27, wherein the
distally | ocated heat exchanger is associated with a sel ected one of the
group nsi stin .a Vapor - GY. refrigeratj a coql i ng tower
apparachs. o taferetCu AR TR, Tl FebbrRea @1RONE: Rt i lORgD

wor k, an eldegtéduti€ ligeio @balan frora itk FuLbirbdMrivcabyt thelceding cfahe Akgeds@oligg room
of claim27 in conbination with a building H/AC system the HVAC system
bei ng conf ithi¢ dthe secgnd tgmnsgatercat | east some of the heat absorbed by the
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dielectric liquid fromthe subnerged and i ndependentl|ly operabl e servers
within at least a portion of the building. 37. The server roomin

conbi nat iwo 2ed0i1931ihe bui | di ng HVAC system of claim 27, woenstevndtbssoser ver
roomis externally located relative to the building. 38. A nmethod of
cooling a plurality of independently operable servers containing heat
generating electronic conponents at |least partially inrersed within a
dielectric liquid coolant inside a tank with an open interior volune ,
conprising: flowing a dielectric liquid coolant in a fluid circuit through
the plurality of servers immersed within the dielectric liquid coolant for
absorbing at | east a portion of any heat being generated by each of the
respective servenssspomscttothicngriptie deenpertionbe acbntrdlter bf Heiathcvobdaamergt  at
| east one | ocat,i.on .w thin e flyi.d circuit; determni t he opt.i nu

ol ovat od t SREBEAD dvEGRe Pk Aathel Y e Bk ked S E Rl BrLE BB e o
the pl ural isk)eRfangd eha/B6w® rab ehtheRabliddBqdil Periddien} adjhstiglthd AbeHitk b aRol s
the plurality of servers while reducing the anmount of energy consuned to

suf fi ci ent lopoldemliquad ghorghsthe sedoné flywt qirquit suptethet the dindectieliauiégoelerper at ur e
is a tegperature significantl i.gher th the typigal confortabl.e room
tenper a0 ar & O S RERL S, S N RS AL Calrd R e O TR Rl B
of the nostofsansistwhile rté@Ringdao ematihing cat@g tcoMiintdao RpRicRntly cdoltdaeh pl ural ity
of servers; periodically determ ning by a controller the anount of energy
needed to FePEEHVtKECBbsor bed heat for cooling the plurality of servers:
thermally coupling the dielectric liquid coolant heated by the plurality of
servers to a heat exchanger distally located fromthe tank; rejecting at

| east a portion of the heat absorbed by the dielectric liquid coolant; in
response to the periodic determ nation of the anmpbunt of energy needed to
rej ect the heat 4dbsorlhedysymtafielaghdBetirtheccdmpising thoslepof nfondoningde
plurality of servers a.coniroller eriodj cal ly adjusting the anmount of
heat - r P Lo tumPe VBT e RSl Rh nerBRt B SR The i el actric 1 aui d
coolant exiting the plurality of servers at the elevated tenperature
sufficiently cools the plurality of servers while reducing the anount of
energy consuned to sufficiently cool each respective server. 39. The net hod

of claim 38, wherein:the step of thermally coupling the liquid coolant to a
hod g%% ﬁw p g q

di stally | ocat ed>hdae nst imcHpihecds the el e (Crap S REER is RECTPYHRYTT r om
t he distal |y} :

ool ant | ni e e AR b O R R B ehar RS (e
el evat ed t emgrethamaxanurh lpemningblattethpasturaofigbe tiostscofitivdkeatpedoeattng ¢ |1 qui d
coolanH recei ved. into th?.tggk t hr ough the cool ant inlet through the

plural ilfy &feCEaRyEPLPPRTNT ihdis Pl SP¥ESt a portion of any heat being
generated by each of the plurality of servers; flowing at |east a portion
of the heated dielectric liquid coolant exiting the plurality of servers at
the el evated tenperature through a coolant outlet in the tank wherein the
coolant outlet is fluidly coupled to the distally | ocated heat exchanger in

order for at |ed$t alhemisteed ofclaimedhaderdn e ddvateddempiagieact ri c cool ant
to be reje , i ' I iLelegtric liquid coolant from
t he heat eﬁ%ﬁgﬁa%%ygﬁh%ﬁﬁggg%?@%ﬁ%%%gﬁﬁﬁggﬁéﬁgﬁ?gﬁberature to the cool ant

inlet to the tank, whereby the dielectric liquid coolant conpletes a fluid
circuit through the heat exchanger and the plurality of servers in the tank
to reject at least a portion of the heat absorbed by the dielectric liquid

cool ant,.fromthe _plurality o rvers; ,and the. st of flowng a dielectric
quuidbgoolant Hr ou egﬂ%th?ﬁﬁﬁuq ’3@€§@?&55§“’gﬁﬁ??@%@@“?ﬁs ing at |east

a portion @fmpdigrutl i%ltﬁ@ﬁahtg@ofiméér&@@ia%atno% ey, i nto the tank at
approximately the second tenperature through the plurality of servers

imrersed within the dielectric Iiquid coolant for absorbing at |east a
portion of any heat being dissipated by the plurality of servers.40. The
nmet hod of claim 39, further conpri sing:
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nonitoring the flowrate of the dielectric liquid coolant through the fluid
circuit; and nonitoring the tenperature of at |east one of the

heat - genewat2nrogi1ediect r oni ¢ conmponents; in response to tREeTASRIODFIZ05
determ nation of the amount of energy needed to reject the heat absorbed by
the dielectric liquid coolant fromthe plurality of servers and the flow
rate, punping the dielectric liquid coolant through the fluid circuit and
periodically adjusting the flowrate of the dielectric liquid cool ant

t hrough the punp and the heat exchanger such that the dielectric liquid
coolant exiting the plurality of servers at the elevated tenperature
sufficiently cools the plurality of servers while reducing the anount of
ener gy consumed 480 s Ufhkingdteott ¢fycloond8, datdier cempeong vec®adargrcoodng appitugus

met hod of c¢J] ai m,40, further wherein the st.ep of nopitoring the tenperature
of the di en eI Spyi fr BobraRt eBr Bt e P PAL PURE shBRUS R o o
the di el ectebhfigirbditd €c6@beRhst atportidd dffadl hbst aBforb&FBY thenSelvittibiiguitthe fluid
circuit. 42. e met hod of claim38, wherein: the step of flowing a

di el ectri c cpplgui fgors dlot plnralitheioegiers inghptankal ity of servers conpri ses:
flowing at | east a portion of the dielectric liquid coolant at a second

t enperagure ina first fluid portion of a first liquid circuit through each
of the plurality of serverswherein the liquid coolant exiting the plurality
of servers is heated to an el evated tenperature wherein the second

t enper at ur @9i s [Thwencthdrhol ddim 4, éudicedompnyegat ure; the step of thermally
coupling the dielectric liquid coolant to a distally | ocated heat exchanger
conprises: therma]ly .coypling the ated dielectric liquid coolant through
S ebuper to o ConHE R ea et arad e serngs Dufng sttt GaBia 11 ot ¢
circuit; flouiglity SFQURESNE &Rk EHpASki Ng fluid in the first portion of
the second fluid circuit to the distally | ocated heat exchanger for
rejecting at |east a portion of the heat coupled through the second |iquid
circuit fromthe heated dielectric liquid coolant; fluidly coupling the
cooled cooling fluid at substantially the second tenperature fromthe
distal iy | agate e .second portion of the second
i qui dﬂ(yzji rggit ﬁélgﬁ%h(gd(;up e%igétrﬁ‘g%%ﬁg?mngﬁ@ggcoupl ing the cool ed cooling
fluid through the coupler to the first portion of the first liquid circuit.
43. The nethod dencfichlhy ddng therhchter caenglrbystha gecontdary tcoolimppppphetifs| fown tlet e of
t he cooli ng)lfllui dfi n th% second flui.d ci rgﬁLt; and nmonitoring the
t enper at ur & BT SFASTS dYFECYSHNG ARt LG A USeiHEMSIIHY el ectronic conponents:
periodically determi ning the energy needed to reject the heat absorbed by
the dielectric liquid coolant fromthe plurality of servers by the cooling
of the heated cooling fluid to the second tenperature;in response to the
periodic determ nation by a controller of the amount of energy needed to
rej ect the Heat TAssenthrdiofinlaimn0, gihercir thejstep af gegygling beah Hito fuserineiam
pl ural ity I r . L0g: L qui neriodically
adj ust ilgg RRuPAS 1R Bk LYl ‘?%CY?.T I&%F?{“ ?%?%)gﬁﬁwbhé%g%agﬁg % | ui d
circuit sudhiltiirgtthrohgh té BIVEOT systerh,i apdiating @dlcatniungxiotperforih kevrp) denadatihy of
servers at the. elevated tenperature sufficiently cools the plurality of
servers V\hieieétqcétéfu]&‘?aﬁﬁgWéeraﬁ’?@mﬁon&maé‘r?é‘rﬂ@%fe onsumed to sufficiently cool
each respective server. 44. The systemof claim43, further conprising the
step of nonitoring the tenperature of the cooling fluid in the second fluid
circuit. 45. The nethod of claim 38, wherein the elevated tenperature is a
tenperature significantly higher than the typical confortable room
tenperature for humans and | ower than the maxi num perm ssible tenperature
of the nobst sensitive heat generating

20 52, The method of claim 38, wherein the step of rejecting at least a portion of the

heat absorbed by the dielectric liquid coolant comprises:
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el ectronic conponent in the plurality of servers . 46. The nethod of claim
38, wherein the elevated tenperature is a tenperature in the range of 90
degr ees Fwendiol@ddsidegrees F. 47. The net hod of cl ai m 38pCriusc@9nsishe

el evated tenperature is a tenperature in the range of 100 degrees F and 110
degrees F.48. The method of claim 38, further conprising a secondary
cooling apparatus thermally coupled to the heat exchanger wherein the
secondary cooling apparatus is configured to recover at |east a portion of
any heat absorbed by the dielectric liquid coolant fromthe plurality of
servers in-the tank.- 49. The nethod of claim48, further conprising:
exhausting the heat recovered by the secondary cooling apparatus fromthe
plurality of serumpenget lchst agobicndf the heg phtbe distdly. lodtal Impt eratiander cl ai m 48,
further conprising: Bepneficially usin he heat recovered.by the secondary
cool 1 ng applPHELE Sedt Siresil apte PIEHEErGERs By RS GER b Ao S ico o
useful nmedicysle rétigerhbién BRtaads, Qfcoblidl 20,a MR EsEdwinB@ntli@n aRf a h@gycl i ng
heat into a use nedium conprises a selected one of a group of recycling
heat steps copisifernonlgroingeerki sngelectieenpraigr. ehd s ggmbinagon-iacosy st em
operatigg a heat punp to performwork, generating electricity, heating

wat er, and a conbination thereof: 52. The nethod of claim 38, wherein the
step of rejecting at |east a portion of the heat absorbed by the dielectric
liquid coolant conprises:renoving at |east a portion of the heat at the
distally | ocated heat exchanger through a selected one of a group of
secondary cooling apparatus consisting of a vaporcycle refrigeration

apparatus, a cooling tower, a fan for blowi ng anbient air, a heat engine
for perform ng work, an electric generator, and a conbination thereof.
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