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PROCESSING AND HARDWARE IMPLEMENTATION OF DEVICES
FORMING INTERNAL REGISTERS OF SUPERSCALAR PROCESSOR

The issues of hardware implementation of devices forming Tag the internal registers
of a superscalar processor have been studied. Structural processing of the blocks forming
Tag the internal registers of superscalar processors is carried out, in particular, the block
diagrams of devices that form the general-purpose, control, and status registers, that is,
those internal registers whose operation is also organized by hardware. Schemes of the
designed devices have been developed, performance and hardware costs in terms of FPGA
resources have been assessed.

Keywords: superscalar processors, processor internal registers, device schematic,
hardware implementation, FPGA resources.
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hpwlwuwgybi Gu wuhwwnh hupuwqgqugnnnigjwt quwhwwndwu hwdwp Ybpwhulyynn
nt sytipwhuyynn dbpbuwjwywu nwunigdw wignphpuubpny fubjugh dwdwgnygh dhongny
hwjwpqwd hpwlwu wndjwiubph dapmdndd, pun wnnnowlwu Yhdwyh' fudpwynpnd b Gpy-
swih wnphdbnywu Ynwnyw  $niuyghwiinh Yhpwndwdp'  fudpwynpdwsd  indjwiubinhg
punpywd gnigwuhubiph dhol Yufujwdntpjwu quwhwunnid:

Unwtgpuyphti pwnbp. dhnubu ndjwiubn, yepwhuyynn b sytpwhulyynn dbpbiuw-
Jjwlwu nwnignud, Bplyswih wpphdbnywu Ynwniw $niuyghwubin:

Lhpwénipyni: Shwnubu (Fitbit) Ynhsubph ogunwgnpdnudp htwpwynpnigintu
E wwhu wuhwwubpht hwyjwpb] wnnnontejwu, YGuuwlybpwh L pghlwywu
wlywhynipywt Ytpwpbpuw) puqdwehy ndiugutp, hugwhuhp Gu upnph qunyp,
prYywduny hwagbigywdnip)niup, puh wnbnnniejniup, dwpdup obipdwuwnphtwup b
wjju [1]: fetl wyn donwnhunmwnpydwu wpnyniupubph hhdwu ypw Yupbih § nbint-
Ywwnyniejntt unwtw| wuhwwnh wnnnonypjwu Yybpwpbpjw|, uwlwju npwup pw-
Jwpwp wywwnybipwgnw s6U nwihu mwppbip gnigwuhpubiph dhole thnfuuwwyg-
Jwénizjwt dwuht' wyu Yud wiu gnigwthoh wgnbigniegniup npngbint hwdwip: Ywifu-
wénipjwl wunhtwup quwhwwbint hwdwp oquwagnpdyt Gu Gplyswih wpph-
dbnywt Juwwlgqwsdnieywu dniulyghwubpp' Ynwnywubpp [2]:
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hvunph npquépp: Ybpindt] wuhwwp' fubjwgh dwdwgnygh dhongny hw-
qupywd ndjwjubpp, Yhpwnb) yepwhuyynn b sybpwhuyynn dbpbuwjwywu nwnig-
dwu wignphpuubn' fudpwynpbint hwdwp wuhwwnh wnnnowlwu ypbwlhu pun hbnb-
jwp gnigwupobiph’ gbpwquug qqugnnnipiniu, gbphnguwdnipiniu ne hhJwunnipe-
Jniu, b guwhwunb punpdws gnigwuhoutiph dhole Yufuwéniyejwu wuwnhéwun:

SYjwubpp: lubjwgh dwdwgnygh dhongny 2019-2022pE. hwywpyws wu-
hwuwp hpwlywt ndjwiubpu pungpynud Gu hbnbyw| gnigwuhstpp.

o Fitbit GPS wnyjwiubpp - wuhwuwh pwjtph pwuwyp, wugwsd hbnwynpnt-
pintup, wywhy b ng wlwhy pnwbubipp, upnh nhedp:

o bhghjwywu Jupdnieniuutiph ywwdnyentup, Jupdnieniuubiph inbint-
Ywdwuwjwuubpp: SknGYwdwwjwuubp utunh, fudwd oph pwuwyniyejwlu, pwoh
YGpwpbinjwy:

o Unnnontpjwu gnigwuphpubip SpO2 wpeniu U puwé dwdwuwy, epywdup
guwhwwnywd mwwnwunwdubipp, dwayh stpdwuwmhéwun, suswnnyjwu nhedn:

o Puwd U wpentu pnwbutpp, wppuwuwnt nbwpbph pwuwyp, wuynnunwd
wuglugpwsé dwdwuwlyh pwuwlyp, puh jnipwpwuginip thnynd  wuglwgpwd
dwdwuwyp: Swunigndubip upinh qupytipp b wulwunu nhpdh ytpwpbnjwi:

o Uthwwnh wuduwlwu ndjuiubpp' ubinp - wpwwu, duunywu wduwehyp'
1997, hwuwyp' 177 ud: Uppbup L gpqwdnieniup:

huptwqgugnnnipjut guwhwwndwt hwdwp hpwlwu wndjuwiubph hwyw-pw-
dnihg wnwuduwgyb) Gu hbnlyw) hwinwuhgubipp' resting_heart_rate — hwughuwn
ypbwynid upwinp nhpdp, mean_spo2 - wpjwu dby prywduh dhoht hwagbgwdnie-
jniup, Heart_rate_variability — upwnp nhpdh thnthnfuwlwunieniup, respiratory rate -
pup pupwgpntd PuswnniEjwu nhpdp, tota_sleep_mins — puh punhwuntp nlinnnt-
[eintup, deepSleep — funp pup thnyp, wakeMins - wppnlu/wuhwughun pnwbubpp,
lightSleep - plil. pup thnyp, remSleep - wspbiph wpwgq gwpdnuwubiph/Gpwqutiph
thnyp (uy. 1):

date dateyyymmdd resting_heart_rate mean_spo2 heart_rate_variability respiratory rate fota_sleep_mins

43552 3/28/2019 76.500000 NaN NaN NaN NaN NaN NaN NaN NaN
43553 23/29/2019 70.806197 NaN NaN NaN 450.0 36.0 59.0 303.0 110
43554 3/30/2019 70.657539 NaN NaN NaN 495.0 96.0 68.0 293.0 106.0
43555 /3172019 70.133555 NaN NaN NaN 522.0 57.0 101.0 347.0 1120
43556 4172019 69.742448 NaN NaN NaN 396.0 420 840 292.0 62.0
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LY. 1. Squuliph hwdwpwénih wnwehti 5 innnbpp

LY. 1-hg Gpunud £, np Heart_rate_variability L respiratory rate nwowbnu
nubu pwgww ndjuiutip, npwup thnfuwphuyb Gu dhoht wnpdtipny: LY. 2-nwd
wwwybpdwd Gu wyn wnydjwiubph dhol Ynpbijwghwubpp W Random Forest (RF)
wighphpUh woluwwnwuph wpryntupnud unwgywd Yuplnp hwnbwuhotpp [3]:
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LY. 2. Sqjugibph Ynpbywghwi U uplnp hunplwahptlinn

Cuwn Ynpbywghnt dwwnphgh' heart_rate_variability-hu pugwuwlwtu hwpw-
pbipwygnie)niu nwup resting_heart_rate W respiratory rate wjjujutph htw, huy
lightSleep-p remSleep-h htwn niuh npuwlwu hwpwpbpwygnyeniu: RF yGpwhuynn
dbiptuwjwlywu nwnigdwt wignpppdny unwgyb) Gu yhdwyh quwhwndwu hw-
dwp wnwyb) Yuplinp hGnlyw| hwywnwupotipp' hwughuwn yhéwynd upnp nhpdp,
wnjwu Jdby prywduh hwgbigwdniyeniup, puh pupwgpnid 2uswnniejwl nhedp b
upunh w2fuwwnwuph thnthnfuwwunientun:

Cuwn punpgwsd wnyjjwiubph fudpwynpnudp Yuwnwpbine hwdwp Yhpwpyybg
tu ¢ybpwhuyynn dbpbuwjwlwu nwnigdwu wignpphpdubphg hbunlywubpp' K-
means, Agglomerative Hierarchical, Affinity W Spectral Clustering: dtpnhhgjw syb-
pwhuyynn dbpbuwjwlwu nwunigdwt wignphedutpny fudpwynpdwtu npwyh quw-
hwwndwu hwdwp ogunwgnpdyt Gu Adjusted Mutual Information (AMI), V-measure
L Silhouette dGinphywubipp [4-6]: AMI L V-measure wndtiputipp wwwlwunwd Gu
[0,1] dhowlwphu, W d&YhU dnuin wpdbipubpp gnyg Gu wwihu wnwyb| 62gphwn
fudpwynpnud, huy Silhouette-hup’ [-1,1], -1-hu dnun wipdbpubipp Jwwn fudpwynpnuiu k,
0-hu Unwn wpdbipubipp' fudpbpp hwwnynw Bu, huy 1-hu dninplubpp hunwy fudpw-
ynpnudu L (wn.1):

Unynwuwly 1
tudpwynpdwt npwlp daippplwbipp
AMI V-measure Silhouette
K-means 0.6577 0.5077 0.2219
Spectral 0.3692 0.4976 0.2174
HCA(Agglomerative) 0.8551 0.5059 0.1586
Affinity 0.1373 0.4859 0.1575
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Glubind ybpnhpgjw wrynuuwynud ubpyuwjugywsd  fudpwynpdwu npwyp
dbwnphywubphg' punpyb) Gu K-means U Hierarchical Clustering (Agglomerative -
HCA) wignphpdubtipp: Cun HCA wignphpdh’ Yjwuwnbpubph hhbpwpluhwu dowy-
ynw £ dwnh wnbupny, npp hwyinup & nbunpngpwd wudjwdp [4, 6]: Ujgnphedntd
Gpynt Yiwuwnbipubph dhole htinwynpnieyniup hwyywpybint hwdwnp ogunwagnndybi
E Ward linkage dbennp: Wagnphpedh wofuwwmwuph wpryntupnid unwgyt) £ nbunpn-
gpwd, npnd wwwnybipjwsd Gu tiptip fudpbip pun wuhwwnh hupuwgqgugnnniewu
gnigwupoubiph' gbipwquiug gqqugnnniginiu (Ywpdhp), gbphnquwénigniu (Yuitiws),
qwwnwnnng yhbwl (uwnpugwagnyu) (uy.3):

LY. 3. Shipptubu ipyjuwytiinh nbunpngpwdp

K-means wignphpdny puwnpyb| £ Ywuwmbpubph wju pwuwlyp, npnugnud
Ylwuwnbiph ubpunw pwnwynwhutiph gnuWdwph hindhinfunieyniup’ WCSS-u, ulunid
E hwjwuwpdby (uy.4) [4]:
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UY. 4. Yuuipbpubph pwiwlh npnpnidp
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K-means wignphpdh Yhpwndwu wpryniupnid unwgyb) Bu bpbp fudpbp’® 0,
1, 2, npnup wpwnwhwjnnw tu gbipwquug, gtphnquwé U Juwnwnnne yphbwlubipp
(uy.5): Wgnpppdh Ganniejniup unwgyt £ 0,93:

resting_heart_rate mean_spo2 heart_rate_variability respiratory rate tota_sleep_mins deepSleep wakeMins lightSleep Target

601 74.436795 96.7 58.455 142 429.0 720 76.0 2670 0
602 74548762 957 50515 142 4220 93.0 520 2280

0
603 76.661914 9.8 37.993 14.0 405.0 94.0 520 2140 0
604 78930164 961 15758 14.0 507.0 1320 720 2610 1

1

605 77592887 951 58156 142 4840 670 56.0 2800

1318 70248080 958 40458 148 4750 109.0 630 2340
1318 72058897 965 24877 152 4620 1070 570 2280

1
0
1320 72083179 965 49.044 144 509.0 850 750 2820 1
1321 72097103 949 34780 132 4100 730 63.0 2500 0

0

1322 71585269 952 49.137 144 4400 640 840 279.0

UY. 5. Eplip Guuuippbpubiph nbupnid Target = 0, 1, 2

Upwh nhpedh (w), upnp wotuwwnwuph thnthnfuwlwuniyejw (us), 2uswnnie-
jwu nhpdh (us) dpole Ywfudwdnyeniup qguwhwwnbint hwdwp Yhpwnyb) Gu wpph-
dbinjwu punwupph nwuht ywwwunn Gumbel, Clayton, Frank Ynwniw $niuly-

ghwutipp, npnup ubipyuwjwgynw Gu htinlyw| pwuwalny [7, 8].

Clur,...,ua;8) =P (Pur; 8) + - + P(ua; 6); O), (1)

npwnbin Y-u ghubpwnnp Sniuyghwt &, Y--p* Y-h hudbipu gbubpwwnnpp, huy 6 € 6-U'
wwpwdbwpbph pwqdnieyniup [7]: <wpqwnpyyty b Ynwnywih 6 wpdtipp pyuwhu
wnwyb| 62dwpunwudwuniejwu (MLE - maximum likelihood estimation) dbkennny
(2), W npw hhdwu Yypw Yuwwnyb E qguuwhwnned.

L(x'y,@) = ZiE[l,n] f(Xi,yi'@), (2)

npwntin f-p hwjwuwwunigjwu funnejwu dniuyghwt £ n-swihwuph punpwuph

hwdwp [8]: 8-h npwlwu wpdbpp UbpYwywgund £ npwywu, huy pwgwuwlwu

0-U' pwgwuwlwt Yuiudwdnyejniu: Upphdbrywu Ynwnyw $niuyghwubnh dhongny

punpywd hwynmwuphobiph hwdwp hwodwpyyb) Gu jnipupwuginip thnhnfuwywup

hwywuwywunigjwu pwotudwu hwdwwbn bW dJwpghuw] hwjwuwlywunyeniuutipp:
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Un.2-nw ubpluwjwgywsd wpryniuputiphg Gpunid £, np Yuiujwdnipjwu jw-
qwgnyu gnigwuhop Frank wpphdbrywt Ynwnyw dniuyghwihut £, nwunp wn
dniuyghwih hwdwp hwoywnyyb| Gu upinp nhpdph Nt wouwwmwuph thnthnfuwlw-
unigjwu b guswnnijwu nhpdh dhol Ywiujwdnipjwu Kendall’st-h, Spearmen's,
Pearson's gnpdwlhgutiph W 6 wwpwdbuph wpryntupubpp (wn. 3):

Uryniuwly 2

Gumbel, Clayton, Frank Ynwniyw pnitalyghwbiiph 6 wwpwdtiypnph wpnynitiptiinp

0 Gumbel Clayton Frank

C(ui, uz2) -0.864 -0.270 -1.435

C(u1, u3) 1.097 0.196 1.807

C(uz, u3) 0.007 0.015 0.068
Unyniuwly 3

Frank $nitilighwyh Kendall’st-h, Spearmen-h, Pearson-h gnpéwlhglutinh wpnyniiptbpp

Frank Kendall’s T Spearmen Pearson
C(ui, u2) -0.156 -0.228 -0.196
C(u1, u3) 0.089 0.130 0.124
C(uz, u3) 0.075 0.009 0.011

dbipnhhgjw| wpnynwupubipp gnyg Gu twihu, np upwnh nhpdp hwughuwn Yh-
dwynuw pwgwuwlywu Yufugwdnip)niu niup upwnh wofuwwnwuph thnhnfuwywunt-
pintuhg L npwlwt’ 2uswnnipjwu nhpuhg, hul upnh woluwwnwuph hnthnfuwlw-
unieyniup npwywu Ywiujwdnieiniu ntuph uswnniejwt nhpdhg:

Gqpwlwgnipyniu: Uuhwwnh hpwlwt ndjuiubph dywlydwu hwdwp bwiuw-
wwwpwundwt wuhpwdbon gnpdwnnypubpt hpwywuwgubing htwnn RF ybpw-
huyynn dbpGuwjwywu nwngdwu wignphpdh dhongny puwnpdb Gu hwugquwnp yh-
dwynwd upinh ni 2uswnnigjwu nhpdh, upinh woluwnwuph thnhnfuwwuntejwu
nL wpjwu dbe ereywduh wwpniuwynigjwu wpdtpubpp npwbu hupuwgqgugnnnt-
RjwU quwhwwndwt hwdwp Yupunp hwnlwupoubip: 2epwhuyynn’ HCA U K-means
dbpbuwjwywt nunigdwu wignpphpdutiph dhongny wnwuduwgybi Gu tiptip fudpkip,
npnup Guwynpyb GU pun wuhwwnh gbipwqwug qqugnnniejwu, gbiphnquwd nt
Jwwwnnne yhbwlubph: Cuwn wpphdbnywu Frank Ynwynyw $niulghwih’ qguwhwn-
gttt Ywhudwdnieiniup hwughun yhdwynwd upinh nhpdhg, upinh woluwwnwuph
thnihnfuwlwunteintuhg W puswnniyejwu nhedhg:

Opwgpwihtu hwpebpu hpwlwuwgyt) b python [Gqyny, oquwagnpdyt| Gu
pandas, matplotlib, sklearn U dask gpwnwpwuutipp:
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JLK. AHAPEACSH

METOJ OHEHKHN CAMOYYBCTBUA TUYHOCTHU HA OCHOBE
OUTHEC-JAHHBIX

JIu1st OLIEHKHM CaMO4YyBCTBUSI JIMYHOCTH U TPYIIHPOBKH 110 COCTOSHUIO 37I0POBBSI TPO-
BEJICH aHAJIM3 PCAbHBIX JaHHBIX, COOPAHHBIX YMHBIMH YacaMH C IOMOIIBI0 KOHTPOJIHPYe-
MBIX U HEKOHTPOJIMPYEMBIX aJrOPUTMOB MAIIMHHOTO OOYYCHHS, U OLICHCHA 3aBHCHUMOCTH
MEXKly BaKHBIMHU ITOKa3aTeIAMH, BBIOPAHHBIMH U3 IPYIIIIMPOBAHHBIX JaHHBIX C IOMOLIBIO
JIBYMEPHBIX APXUMEIOBbIX (PYHKIIUI KOITYJIBL.

Knioueswte cnosa: GurtHec-naHHbIe, KOHTPOJINPYEMOE ¥ HEKOHTPOJIUPYEMOE MAIIIMH-
HOe 00y4eHne, IByMepHbIe APXUMETOBH! (DYHKIIUH KOITYJIBI.

L.K. ANDREASYAN

A METHOD FOR ASSESSING PERSONAL WELL-BEING BASED ON
FITNESS DATA

To assess the well-being of an individual and grouping according to health status, an
analysis of the real data collected by smart watches using supervised and unsupervised
machine learning algorithms is carried out and the dependence between important
indicators selected from the grouping data using bivariate Archimedean copula functions is
assessed.

Keywords: fitness data, supervised and unsupervised machine learning, bivariate
Archimedean copula functions.
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