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𝑦(𝑡) =𝐴𝑒−α𝑡

𝑦(𝑡) = 𝐴𝑒−𝛼𝑡 + 𝐵 (4. 1)

(4.1)(4.1)



𝐴𝑒−α𝑥 + 𝐵 𝐴, α 𝐵 ≥ 0
(𝑥𝑖, 𝑦𝑖)𝑖=0𝑛−1 𝑓(𝑥)

𝑟𝑖 = 𝑦𝑖 − 𝑓(𝑥𝑖) (4.3)𝑖 ∈ {0, … , 𝑛 − 1 }



𝑓(x; a1, … , ak)a1, a2, … , ak {xI, yi}i=0n−1
ϕ(𝑎1, 𝑎2, … , 𝑎𝑘) = ∑(𝑓(𝑥𝑖; 𝑎1, … , 𝑎𝑘, ) − 𝑦𝑖)2𝑛−1

𝑖=0 . (4.4)
𝜙

𝜕𝜙𝜕𝑎1 (𝑎1, … , 𝑎𝑘) = 0𝜕𝜙𝜕𝑎2 (𝑎1, … , 𝑎𝑘) = 0⋮𝜕𝜙𝜕𝑎𝑘 (𝑎1, … , 𝑎𝑘) = 0
(2. 5)

a1, a2, … , ak.(4.1) 𝜙
ϕ(𝐴, 𝐵, α) = ∑(𝐴𝑒−α𝑥𝑖 + 𝐵 − 𝑦𝑖)2𝑛−1

𝑖=0 (4.6)
𝜕𝜙𝜕𝐴 (𝐴, 𝐵, 𝛼) = ∑ 2(𝐴𝑒−𝛼𝑥𝑖 + 𝐵 − 𝑦𝑖)𝑒−𝛼𝑥𝑖𝑛−1

𝑖=0= 2𝐴 ∑ 𝑒−2𝛼𝑥𝑖𝑛−1
𝑖=0 + 2𝐵 ∑ 𝑒−𝛼𝑥𝑖𝑛−1

𝑖=0 − 2 ∑ 𝑦𝑖𝑛−1
𝑖=0 𝑒−𝛼𝑥𝑖

(4.7)
𝜕𝜙𝜕𝐵 (𝐴, 𝐵, 𝛼) = ∑ 2(𝐴𝑒−𝛼𝑥𝑖 + 𝐵 − 𝑦𝑖)𝑛−1

𝑖=0= 2𝐴 ∑ 𝑒−𝛼𝑥𝑖𝑛−1
𝑖=0 + 2𝐵 ∑ 1𝑛−1

𝑖=0 − 2 ∑ 𝑦𝑖𝑛−1
𝑖=0

(4.8)
𝜕𝜙𝜕𝛼 (𝐴, 𝐵, 𝛼) = ∑ −2(𝐴𝑒−𝛼𝑥𝑖 + 𝐵 − 𝑦𝑖)𝐴𝑥𝑖𝑒−𝛼𝑥𝑖𝑛−1

𝑖=0= −2𝐴2 ∑ 𝑥𝑖𝑛−1
𝑖=0 𝑒−2𝛼𝑥𝑖 − 2𝐴𝐵 ∑ 𝑥𝑖𝑛−1

𝑖=0 𝑒−𝛼𝑥𝑖 + 2𝐴 ∑ 𝑥𝑖𝑛−1
𝑖=0 𝑦𝑖𝑒−𝛼𝑥𝑖  (4.9)

fk gk hk lk



𝑓𝑘(𝛼) = ∑ 𝑒−𝑘𝛼𝑥𝑖𝑛−1
𝑖=0𝑔𝑘(𝛼) = ∑ 𝑦𝑖𝑛−1
𝑖=0 𝑒−𝑘𝛼𝑥𝑖

ℎ𝑘(𝛼) = ∑ 𝑥𝑖𝑛−1
𝑖=0 𝑒−𝑘𝛼𝑥𝑖

𝑙𝑘(𝛼) = ∑ 𝑥𝑖𝑛−1
𝑖=0 𝑦𝑖𝑒−𝑘𝛼𝑥𝑖

(4.10)

𝜕𝜙𝜕𝐴 (𝐴, 𝐵, 𝛼) =  2𝐴𝑓2(𝛼) + 2𝐵𝑓1(𝛼) − 2𝑔1(𝛼) (4.11)𝜕𝜙𝜕𝐵 (𝐴, 𝐵, 𝛼) =  2𝐴𝑓1(𝛼) + 2𝐵𝑓0(𝛼) − 2𝑔0(𝛼) (4.12)𝜕𝜙𝜕𝛼 (𝐴, 𝐵, 𝛼) =  −2𝐴2ℎ2(𝛼) − 2𝐴𝐵ℎ1(𝛼) + 2𝐴𝑙1(𝛼). (4.13)𝜙(𝐴, 𝐵, 𝛼) 𝜕𝜙𝜕𝐴 (𝐴, 𝐵, 𝛼) = 0𝜕𝜙𝜕𝐵 (𝐴, 𝐵, 𝛼) = 0𝜕𝜙𝜕𝛼 (𝐴, 𝐵, 𝛼) = 0. (4.14)
2𝐴𝑓2(𝛼) + 2𝐵𝑓1(𝛼) = 2𝑔1(𝛼)2𝐴𝑓1(𝛼) + 2𝐵𝑓0(𝛼) = 2𝑔0(𝛼)2𝐴2ℎ2(𝛼) + 2𝐴𝐵ℎ1(𝛼) = 2𝐴𝑙1(𝛼). (4.15)

Δ = |𝑓2(𝛼) 𝑓1(𝛼)𝑓1(𝛼) 𝑓0(𝛼)| = 𝑓0(𝛼)𝑓2(𝛼) − 𝑓12(𝛼),Δ1 = |𝑔1(𝛼) 𝑓1(𝛼)𝑔0(𝛼) 𝑓0(𝛼)| = 𝑔1(𝛼)𝑓0(𝛼) − 𝑔0(𝛼)𝑓1(𝛼),Δ2 = |𝑓2(𝛼) 𝑔1(𝛼)𝑓1(𝛼) 𝑔0(𝛼)| = 𝑔0(𝛼)𝑓2(𝛼) − 𝑔1(𝛼)𝑓1(𝛼), (4.16)

𝐴 = Δ1Δ = 𝑔1(𝛼)𝑓0(𝛼) − 𝑔0(𝛼)𝑓1(𝛼)𝑓0(𝛼)𝑓2(𝛼) − 𝑓12(𝛼) (4.17)
𝐵 = Δ2Δ = 𝑔0(𝛼)𝑓2(𝛼) − 𝑔1(𝛼)𝑓1(𝛼)𝑓0(𝛼)𝑓2(𝛼) − 𝑓12(𝛼) (4.18)



𝛼 𝐴ℎ2(𝛼) + 𝐵ℎ1(𝛼) = 𝑙1(𝛼) (4.19)𝐴 𝐵𝑔1(𝛼)𝑓0(𝛼) − 𝑔0(𝛼)𝑓1(𝛼)𝑓0(𝛼)𝑓2(𝛼) − 𝑓12(𝛼) ℎ2(𝛼) + 𝑔0(𝛼)𝑓2(𝛼) − 𝑔1(𝛼)𝑓1(𝛼)𝑓0(𝛼)𝑓2(𝛼) − 𝑓12(𝛼) ℎ1(𝛼) = 𝑙1(𝛼). (4.20){𝑥𝑖, 𝑦𝑖}𝑖=0𝑛−1𝑦(𝑡) = 𝐴𝑒−𝛼𝑡 + 𝐵 (4.21)𝛼g1(α)f0(α) − g0(α)f1(α)f0(α)f2(α) − f12(α) h2(α) + g0(α)f2(α) − g1(α)f1(α)f0(α)f2(α) − f12(α) h1(α) = l1(α). (4.22)α A B
𝐴 = 𝑔1(𝛼)𝑓0(𝛼) − 𝑔0(𝛼)𝑓1(𝛼)𝑓0(𝛼)𝑓2(𝛼) − 𝑓12(𝛼) (4.23)
𝐵 = 𝑔0(𝛼)𝑓2(𝛼) − 𝑔1(𝛼)𝑓1(𝛼)𝑓0(𝛼)𝑓2(𝛼) − 𝑓12(𝛼) . (4.24)(4.1)(4.1)(4.22) (4.22)(4.22) (4.22)

𝑒−α = 𝑡. (4.26)(4.10) (4.10)
𝑓𝑘(𝑡) = ∑ 𝑡𝑘𝑥𝑖𝑛−1

𝑖=0𝑔𝑘(𝑡) = ∑ 𝑦𝑖𝑛−1
𝑖=0 𝑡𝑘𝑥𝑖

ℎ𝑘(𝑡) = ∑ 𝑥𝑖𝑛−1
𝑖=0 𝑡𝑘𝑥𝑖

𝑙𝑘(𝑡) = ∑ 𝑥𝑖𝑛−1
𝑖=0 𝑦𝑖𝑡𝑘𝑥𝑖 .

(4.27)

(4.22) (4.22)



𝑔1(𝑡)𝑓0(𝑡) − 𝑔0(𝑡)𝑓1(𝑡)𝑓0(𝑡)𝑓2(𝑡) − 𝑓12(𝑡) ℎ2(𝑡) + 𝑔0(𝑡)𝑓2(𝑡) − 𝑔1(𝑡)𝑓1(𝑡)𝑓0(𝑡)𝑓2(𝑡) − 𝑓12(𝑡) ℎ1(𝑡) − 𝑙1(𝑡) = 0. (4.28)(0,1) 𝑡
𝑡 𝛼𝛼 = −𝑙𝑛(𝑡) (4.29)𝛼 (4.22) (4.22)

(4.28) 𝑡 (0,1)𝛼 (4.29)𝛼 (4.28)(4.29)t
𝐴, 𝐵 𝛼 {xi, yi}i=0n−1

𝐴, 𝐵, α noise 1000, 3, 1 0

https://github.com/akerestely/nonlinearBestFit


(4.28)



{𝑥, 𝑦}

  



Ae−αx + B A, α B ≥ 0



A, Bα 10 < A < 105 0 <  B <  50 0.3 <  α <  4
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https://github.com/akerestely/hpc-hadoop-spark


 

 

 

 

 

 

 



 

https://flume.apache.org/
http://hadoop.apache.org/
https://hbase.apache.org/
https://hive.apache.org/
https://spark.apache.org/
https://sqoop.apache.org/
https://hortonworks.com/apache/storm/


https://public.opendatasoft.com/explore/dataset/cancer-databases/table/
https://keras.io/
https://eur-lex.europa.eu/legal-content/EN/TXT/PDF/?uri=CELEX:32016R0679
https://docs.databricks.com/data/datasources/readparquet.html
https://docs.databricks.com/data/datasources/readparquet.html


https://data.world/datasets/cancer
https://tech.popdata.org/bigdataonalaptoptoolsandstrategiespart3/
https://conferences.oreilly.com/datascience/public/schedule/detail/15316
https://gco.iarc.fr/today/data/factsheets/populations/642-romania-fact-sheets.pdf
https://events.praceri.eu/event/693/attachments/626/
https://events.praceri.eu/event/693/attachments/626/


http://dsc.soic.indiana.edu/publications/ENGRE%20687%20_%20IND%20STUDY%20INTEL%20SYS%20_%20Intersection%20of%20HPC%20and%20machine%20learning.pdf
http://dsc.soic.indiana.edu/publications/ENGRE%20687%20_%20IND%20STUDY%20INTEL%20SYS%20_%20Intersection%20of%20HPC%20and%20machine%20learning.pdf
https://www.forbes.com/sites/moorinsights/2017/11/14/whats-hot-at-sc17-the-synthesis-ofmachine-learning-hpc/#2ef32b2759a7
https://www.forbes.com/sites/moorinsights/2017/11/14/whats-hot-at-sc17-the-synthesis-ofmachine-learning-hpc/#2ef32b2759a7


β

https://www.kaggle.com/datasets
http://site.clairvoyantsoft.com/understanding-resourceallocation-configurations-spark-application/
http://site.clairvoyantsoft.com/understanding-resourceallocation-configurations-spark-application/
https://data.world/deviramanan2016/nkibreast-cancer-data
https://data.world/deviramanan2016/nkibreast-cancer-data


https://docs.scipy.org/doc/scipy/reference/generated/scipy.optimize.curve_fit.html
https://docs.scipy.org/doc/scipy/reference/generated/scipy.optimize.curve_fit.html
https://acsjournals.onlinelibrary.wiley.com/doi/10.3322/caac.21654
https://spark.apache.org/docs
https://archive.ics.uci.edu/ml/datasets.php
https://www.nhs.uk/conditions/molar-pregnancy/
https://www.nhs.uk/conditions/molar-pregnancy/
https://csegroups.case.edu/bearingdatacenter
https://www.cancer.gov/types/gestational-trophoblastic/patient/gtd-treatment-pdq
https://insidehpc.com/hpc-basic-training/whatis-hpc/
https://archive.ics.uci.edu/ml/datasets/Breast+Cancer+Wisconsin+(Diagnostic
https://archive.ics.uci.edu/ml/datasets/Breast+Cancer+Wisconsin+(Diagnostic


https://archive.ics.uci.edu/ml/datasets/breast+cancer

