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Abstract:

With the rapid expansion of data volumes and the increasing reliance on distributed databases, the
integrity of random sampling in statistical analyses has become a significant methodological challenge.
Data skew, or uneven distribution, can lead to statistical bias affecting the accuracy of estimates and
the reliability of analytical results. This study aims to analyze the impact of this skew on sample
representation in distributed environments and propose a practical framework for testing sampling
integrity in large, fragmented databases. The study proposes a methodological framework known as
the Reliable Sampling Framework (RSF), which combines stratified sampling and consistent
fragmentation with a statistical validation mechanism based on the Kolmogorov—Smirnov test and
Bootstrap to assess variance and estimate accuracy. The proposed framework was tested using a
statistical simulation environment of a large database divided into several unequal parts to represent
data skewness. The results showed that relying on simple random sampling in fragmented
environments leads to significant statistical skewness compared to the distribution of the entire
population, while the application of the proposed framework significantly reduced statistical skewness
and improved the stability of mean estimates. Statistical tests also showed that combining stratified
sampling with consistent segmentation achieves a more accurate representation of population
distribution compared to traditional methods. The study's findings indicate that integrating statistical
sampling principles with the characteristics of distributed structures can effectively improve the reliability
of analyses in big data environments and provides a practical framework applicable to cloud analytics
and distributed data-driven decision support systems.
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.Apache Spark -
‘ .Hadoop -

Glle (0 ¢ 328 (Data Pipelines) <lbball caulil b gha faca  Slaall gaadll da jo 265 (Say s
(Y Al et i g Alan ) OUlat s i bl i) dallad)
'RSF MY da jiial) 43 ) sad)

s «Reliable Sampling Framework (RSF) gl JUa3d e &l Jiaill andl) 138 mua
gaaill & Adlaal) Gl ey JUA (e de ) gall GULLI 2e) @ e A ATl Cilial) B3 sa Gt ) o
.Sany)

el dolee 2 dilaall Aol i) SLER) el w5 55 Qandidit At ) Ja e gl e 4 ) ) sAl) aaia
Adgal) Jasca sale Y Apmgnal Ala je 25 ol ¢ Aan) a3 GLIES) i b5 Al B3 sa (e Sl ) Giall 3

Algorithm 1: Reliable Sampling Framework (RSF):
Input

ic jeall il sacliD -
(Shards)s! 32! ie saae S={S1,S2,...,Sk}
Al G glladll aaalin -
Output

Step 1: Diagnosis Phase:
Ni ¢ oall ana Gloas fallill 8 Sjeja JSI -
sl ol jad) pdise Gl
SkewnessIndex = max(Ni) / min(Ni)
Data Skew. ¢ Alx alaill jric] adse dos dad e S yisall (IS 1)
Step 2: Sampling Design:

13

SkewnessIndex > Threshold

Stratified Sampling a3l

Simple Random Sampling a3l ¥) s

Step 3: Sample Extraction

Sii e X

ni = (Ni/N) xn

Si. el e Wl sdie Ollas i a5

Step 4: Statistical Validation

Kolmogorov—Smirnov _lkial clua

p<0.05 :13)

ol A e Y JUEsY)

Step 5: Correction Phase
Aliadl ye bl o 3l Jaaed -
Loaddiall Jaiadll culd o) 3aY) e Al Ml sdle) -
rdilaa) gl

By e sall Gl L Jaly Slan ) aainall Jiia 8 dabiaall dileal) L olol andi ) andll 138 Caagy
S Adla) o Lol aainall )5 e Slisll @) 5 Gl (520 Gl Lilean Y1 Sl JLEAY) (e de sene 5 ) o
e gl s 3 (Variance) sl s (Bias) by <l jaiyl (5 sia and
Jala s iy 5 53l 45 lidK0lmogorov—Smirnov Jbia) Jads dilias) <l ol sae aladiuly il Jidas 23

Sl giall A8 Jual g8 5 ol uasil Bootstrap 4 aladiu) ) Jlayly ¢ el 48 apiil il ol )
Al Al L G 35 All duleal) 3 48 (sl (Effect Size) (Shasy) Jall) aas Gl &5 LS
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paiaall ga ddad) & 565 4

esindl ae Al 4558 45 5l KolMogorov-Smirnov Juial il 1(1) Ay Jgaa

FEgENT Diasd piad neadtll)
iaadl SRS 0.218 | 0.012 | (p <0.05)s5i2e 3.8
eainall e dailall =ll | 0.092 | 0.142 Ssire B8 > Y
RSF Gkl 22 0.071 | 0.284 S A n Y

G Al duall 58 Om g sina Flan] ) a5 IKoImogorov—Smirnov sl gl juds
d).mm‘_yads\b_&sjcp 0.012 dw;‘ﬁ\mg“_ub;u;sémY|M\@)y}(SRS)w\M\M\MM\
i s Slan Yl il Jia Y &kl o3 g Al Aal) (o ing 138 50,05 aainall dileas ) &Yl

z ol HUaY1 Gk aey o) Al Aladll e\d;.u.n\ aie Ailan) AVs 3 558 K-S jlas) eday ol (Jiiall =
CL\.\J O Gl g_\...ﬂ\.u‘}“ XY u\ ‘:J\ Sl g MLA;Y\ AVl (5 gl (e )1\5\ Jlaayi egﬁ OlS Eus «RSF
(oY) aina) @58 e ST s dlas ) Leilay 558 (38153 e

Ju L « RSFL SRS (3 JiEny) aie Gag pa Cuaddi) 8D Lidy) ddbaas) dad of ddaadle oS WS
ban ) aainall Ll Jiai 825 (B o )X Guead e

(Shards)s!a¥) (e clibal) ay g
45%
40%
35%
30%

25%
20%
15%
10%
n |
0%

Shard5 Shard4 Shard3 Shard2 Shard1l
(Shards)s! =¥ Gx Sl 558 1(1) by Jsil)

6 siny a3l el bl 3aclE L Aabiaal o) 3a Y G bl s b o)) sl axe (1) JSA ma s
B e (Shard5) pwlal) ¢ 3all (5 siny Laiw el Maa) 0 %40 <ols L e (Shardl) Js¥) e sl
il (A 4 gliall Glial) Jia Je i 8 JlData Skew soala = gm g oSa L sa 5 ot %10 o

Ae sl
Aiial) b giall 8 (Bias %) gaeadd) il Al Ja gia 45 jl8a 1(2) Jg2a
) G slead b gia CRUATY) Ll
Yol paY) SRS-; &i ks
SRS 27.4% —
Stratified Sampling 18.9% 31%
Consistent Hashing 15.2% 44%
Stratified + Consistent (RSF) 9.6% 65%

d&\é\u\ﬁ\]\dﬁaw\mﬂ\ JM@ﬂ\WcM\UJEWu\FY\d&@H\M\ : eudil)
(H3)_443u\ da il dasa X lae %10 (e
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Ajlaall 5k (4 Bias 4 8a

30.00%

25.00%

20.00%

15.00%

10.00%
l 5.00%

0.00%
RSF Consistent  Stratified SRS

Lladl 5k (o Bias 4lae 1(2) a2y Jeil

C)M\ JLL:Z}I\ ‘_A\ Aoyl :\:\S\JM\ e JEnY) 2t @La;‘}]\ «al syl ‘f cﬁ:’)ﬂ‘ aladsyy (2) JEY

RSF.
Lo giall a5 & (Variance) ool Gl Bootstrap il 1(3) afy Jga
] sl % (C1)95 A& Juald
SRS 0.084 [0.071 — 0.098]
Consistent Hashing 0.069 [0.060 — 0.078]
Stratified + Consistent (RSF) 0.055 [0.049 — 0.063]

DI o giall Wl a8 G iy Lae ¢l (5 st B Aluiiall 4330l 5 el sl ( medl) jelal 1 paeadilll
AB gisas 1) in)
: Effect Size il axa Julas
Aaliaall Clipall cildas sie o 58N (il Cohen's d delxe alasinls (Effect Size) il asa clua
Gl ) el Lea ¢ (d = 0.82) 08 il aaa Jigy RSF 485k s SRS 46k ow Gl off gilidl) & el
U_:Lm;Y\ _asil) 48 u;—“ TR YN
(RSF - Reliable Sampling Framework) :g el Jaall k)
198 dal e gl e sS as ) g ghat & il e pU
O ade Gl pEi5e il s o) 2V o bl w55 Jilss (Diagnosis Phase): el s e 1
(Skewness Index).
e el (Ahuie 45 3a3 S Agida) Apuliall Al M) dadl i) ladl (Design Phase): axail) s 2
L 58 K-S Test plasiuly Gilaa) 4isdl L3 jLidl (Validation Phase): sl dls 0 3
(Weighting o)) s¥) 433 se sale) a1y ¢iadll sl Ji 13 (Correction Phase): geasaill dda 0 4
o=l Jiall @ld e 3281 e sl s3le] Adjustment)
ebaa Yl YY) LDl aniay Les painall 5 555 Al 5 55 (o (381 53l laal &) JSSAIS JUaY) 1aa Jeny
3B
10l S Y 8 Slan] 5t ) (s Ae ) sal) Ukl ae ) 8 4 jlenal) Al dalad of ) iliil) i
el ana G A8l (o A ) @ yelal, Uaall A je i) o8 e i) el ) a1 Gy Lae ¢ A 531 Jalaill
By S alll 3l ) (8 aalud 3 jél) ailaddl i3 3 peall ;\)'_;S!lé ¢dndad Gl Al 48 4(Shard Size)
Sl s e e IS0 Boaca Gawd Gy s cadac§ LY 6dllad "aiall il cilS 130 oy 138 dadiall o) 32 (e
((£12Y1) bl dvia 1V lace LD (U gos Bl Jiai de ) sall i) 3 Ll e (), (S 50l) 4l g o0
ilall G Lngial) 5 sadl) sy (RSF) ¢ itall HUaY) (48 55 sall) llal) 53 50 3 g 5 o (821 Slan ) Jilaill
(B Sl e o) laa ) Cailally (Ao s UL Cia (o) il
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sl gil) g clalitiay)
s ) i aile
o il siiall ilipal) 23l Lk Tangs Jisi (Data Skew) 43 siall e 2 3al of Za el 2l s
A inal)l Jglal) daleld 5 cddaend) Al plall i) alEl daa GO Chlica jal) cuidl My dedicall cilblall ac) 68
i ) g Al sie e 8l e iy L8 adill SRS el e alaie Y1 Alal) 45 pdall Liliaa 1
@ 5 iy ) adind) alliad a3 Y A i) Al Of (i Las ¢ (p=0.012) g5 sixe (Slas)
Al delia 8 dalla culaliiig )
"AEuiall 43 )" 5 (Aflan ) Alaall Glaval) "l sl ¢ aandl of Al il Ll Lngiall 358 2
Joadal) 30l 4 lae Ly 585 %35 Lady colal) JB Cun (JLY1 Gslull) g (A jlanall laall el
KS-die (Gind ol Jia) el ) iy b cdisnll oms Laa 35058 Gl iS5 V7 lanY) Gindll 55500 .3
RSF._a o s e 585 caaysill ddian (e Ul Cadl 221 Test)
-daland) g 4y At ilaaLical)
Uy ja aadi g e sall il ol 2D Al 2 5T G g 59 Gingria Lo s Al pall 5yl B0 -
"o sall Aigall LD 1 52
o=l £1SH) Aakail 5 ¢ (Cloud Analytics fatasdl idlatll iy (4 RSF ) Gk (S hles -
slal bl el JURY) iy sl cigll 8 ) jal s dadail e ) ge oy )d cilily o i
Atsee Ailas) 3 pal dalall 550 clilall 83 g lasial
A al) Cilddsa
rClaaaal) Gy gl g Al jall 8 BlSlaal) did Allal) ABAY) (e a8 ) e
Gl L 38 Adal Jedd) il b Ly cond) ke 5L (Static Data) <l il a8 &5 1
Al Clua cile ) )l i 8 Shaes callay Lae ¢ (Streaming Data) Sl
Alall sadme ey j 8 a5l g cdasnll ambll e ¢ oandall ) gl b Al ) puadall e slSlaall G385 2
KS-Test.« jlial 4y e fin 28 L 54 5« Multimodal Distributions)<ubisiall 3asatiae cilay ) ¢ill Jia(
= Osmlaadly ¢ sialll m sy il e 2l Al Sl g2 g a5
Al 5 glad Lial) LDl (g 38al) ) 5 o 2y (Data Pipelines): @bl culii hghi 3 RSF a2 .1
(gt Qs e (6
" A clld Gl 8 Y Al LAY cll o o) ab mead bl clud ) A awgdl) 2
Lase S aainall 48 20 Sy Y Cun(Streaming Data)
Aallee @l sol Gaa Alhan ) i) Clae ) ) 5 el heaall da gide CiliSa ol 1A p CliSa gkl |3
Orshall Jd e Y aladin) Jewil Hadoop sl Apache Spark dJis desaall cibilyl)
) el daild
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