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What is Signal Processing?

IEEE Signal Processing Society (2014.9)
ÂA branch of electrical engineering which pulls meaning from the 

broad sources of data all around us

https://www.youtube.com/watch?v=R90ciUoxcJU
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Ễ טּצּ
Â ḱ Ḳ לּ ︣

Â Ḳ אל שּ

נּ לּ
Â ︡ שּ ṇ

ἲ ︡ נּ טּ שּ וֹ

שּ
Â כֿשּ צּ ךּ︡ צּ שּ שּ

ἲ וֹ ךּ שּ צּ
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︡ ךּ

אל

Ḵ ḵ
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ṇ
ÂA simplified description , especially a mathematical one, of a system or 

process, to assist calculations and predictions.

https://en.oxforddictionaries.com/definition/model
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ךּ פּ

ךּ︡
Â ḲểỲễ ṕ Ṗ

Ἒ ︣ 100000000000000TB צּ

︡ צּ
Â ṇ צּ נּ לּ ךּ ︣

ἲ צּ קּ לּ לּ

Â נּ כֿךּ צּ קּ ךּ ךּ

ἲ ṡ Ṣאל ṡ קּ Ṣאל︣ ṇ

Â

ἲ



Kohei Yatabe 2018

Ṅ צּ

︣ פּ
Â ︢

ἲ ךּ Ḵפּ

Ḳ
Â ךּ ṕּפּך צּ OKṖ

ἲ טּ נּ טּ

Ḳ
Â ṇ ךּ ṕ Ṗ

Ḳ
Â ךּ ︡ ṇ
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טּצּ
Â שּ

ἲ ṕ ḱ Ṗ

ἲ פּ טּ

Â וֹ

ἲ ḱ ︣
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ṕ Ṗ

לּ
ṇ
צּ

︣ צּ
ṇ

ṇ

______________________ נּ

____
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ể קּ
Âể ︡ ṕ Ṗ

ἲ ḱ צּ פּ ṕ vs ּפṖ

ἲ צּ ךּ פּ צּ

טּ שּ ךּ
Â ṇ וֹ

ἲ ṇ פּ ṇ ︣ כֿ

Â ṇ צּ ךּ

ἲ צּ ṇ צּ ךּ︡

ἲ צּ רּ︣ צּ שּקּ צּ
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רּ︣ קּ ךּ
Â ṇ צּ ךּ

ἲ צּ רּ︣קּ ︡ ṇ צּ אל ךּ

רּ︣ ︣שּ︡ וֹ
Â ṇ טּ ︡ ךּ

ἲ ṇ ṇ טּצּ

ἲ ṇ ךּ צּ

לּ ê ḯ êḴרּ︣
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רּ︣ קּ ךּ
Â ṇ צּ ךּ

ἲ צּ רּ︣קּ ︡ ṇ צּ אל ךּ

רּ︣ ︣שּ︡ וֹ
Â ṇ טּ ︡ ךּ

ἲ ṇ ṇ טּצּ

ἲ ṇ ךּ צּ

לּ ê ḯ êḴרּ︣

כֿ צּ ךּ ṡ כֿ Ṣךּ פּ

ṡ טּ Ṣ ךּ פּךּ
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ṇ

ṇ שּ
Â ṇ ︡

ἲ וֹ נּ ךּ

ἲ ︣ ṕ Ṗ

שּ ︣
Â Ễצּ אל כֿ צּ ךּ

ἲ ṇ ︣ ṇ ṕ Ṗ

ἲ ︣ ṕ Ṗ
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ṕMAP: Maximum A Posteriori Ṗ

ṕBayesṖ
Â ṇ ṇ

ἲ קּ

שּ MAP קּ
Â פּ קּ

Â נּ

ἲ קּ ḯ

ἲ ṕֿכ Ṗ
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אל לּ פּשּ

צּ שּ וֹ וֹ
Â ךּ ṡצּ אל ṇ Ṣ

ἲ ︡ פּ וֹ ךּ

Â קּ ṕאל︣ Ṗ שּקּ

ἲ שּ צּ ךּ צּ

ḱ
Â וֹ וֹ ךּ צּ

ἲ ṕ Ṗ וֹ ḯ וֹ ךּ

ṕ ךּ וֹ ḯ Ṗ

Â וֹ ךּ ṕ Ṗךּ ︣ פּ︡ ךּ

ἲ ךּ טּ ךּ
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¬ º ךּ
Â ḯ

Â צּ טּ ḯ ḯ ︡ כֿ︣

ἲ טּ ṕclosed convex setṖ

צּ טּ
Â ṕepigraph Ṗ

Â צּ ךּ טּ

ἲ ṕeffective domainṖ ︣
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ṕlower semi -continuous Ṗ
Â ṕlevel setṖ

Â צּ ךּ טּ לּךּ

ἲ ︣

Â צּ ṕproperṖ

ἲ צּ

Â ︣

ἲ
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ṕconvex optimization problem Ṗ

Â ︣

Â ṕindicator function Ṗ ︡ קּ

Â ︣ קּ ṕcoerciveṖ

Â טּ ḯ צּ צּ

ἲ



Kohei Yatabe 2018

Â

ἲ ךּ ︣ צּ

ἲ פּ קּ

Â ṕ Ṗךּ

ἲ טּצּ ḯ ṕ Ṗ
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ṕgradient descent method Ṗ

טּ ךּ
Â

Â ︡ ︣ Lipschitz ּט לּ

ἲ Lipschitz 

Â צּ -Lipschitz ︣

ἲ ( ) ︣
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Ễ

Lipschitz Hessian 
Â Hessian ּפ נּאל

ἲ צּ טּ כֿ ︣

Ễ
Â Ễ Taylor 

ÂHessian ּק נּ Ễ

ἲ ể
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Ễ

Lipschitz Hessian 
Â Hessian ּפ נּאל

ἲ צּ טּ כֿ ︣

Ễ
Â Ễ Taylor 

ÂHessian ּק נּ Ễ

ἲ ể

︣

_ קּ רּ ךּ
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ךּ
Â Lipschitz ּצ

ἲ צּ Lipschitz ּך נּ ךּ

ṕ ṇ ︣ כֿ אל כֿ Ṗ

קּ ךּ טּצּ ךּ
Â וֹ וֹךּ ךּ

ἲ ṕ Ṗ קּ ךּ טּצּ צּ קּ ךּ

ṕ טּ ︣ כֿ Ṗ
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Ḳ צּ

ṕproximity operator Ṗ
Â שּ ︣

ἲ ṕ ︡ Ṗ

ṕproximal point algorithm Ṗ
Â ︡ ︣

ἲ צּ ︡ וֹ ṕ Ṗ ( )

Â Lipschitz ּצ ḯ צּ
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פּ

טּ לּ
Â נּ ể

ἲ Ễ קּ

Taylor אל
Âể אל

ἲ ṕ Ṗ פּ Lipschitz 

Â ṡ ể ︡ פּ נּ Ṣ

ÂỄ LevenbergðMarquardt
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MoreauðYoshida ︡

ṕInfimal convolution Ṗ
Â אל

Â Moreau ṇ ṕMoreauðYoshida Ṗ

Moreau ṇ
ÂMoreau ṇ ṕ Ṗ נּ

ἲ אל ể צּ
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︡

נּ
Â נּ

ἲ

︣
Â ṕforward ṖEuler 

Â ṕbackwardṖEuler 
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︡

נּ
Â נּ

ἲ

︣
Â ṕforward ṖEular

Â ṕbackwardṖEular

_ ṕ Ṗ

︡ כֿ פּ

צּ
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Ễצּ טּ

Ễצּ טּ
Â ︣

︣ פּקּ
Â צּ קּ צּ Ḵ

ἲ ṕoperator splitting Ṗ ṇ נּ

ἲ ṕforwardṖḯ ṕbackwardṖ

Â צּ ︡ צּ
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ṕproximal gradient method Ṗ

Forward -backward splitting algorithm 
Â

ἲ forward stepḯ backward step 

Â צּ -Lipschitz ︣

ἲ ( ) ︣

︡
Â ︣

ἲ prox

Â ︣

ἲ Moreau ṇ
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Moreau ṇ לּ פּ

פּ לּ
Â לּ פּ ︣ טּצּ

ἲ צּ Moreau ṇ

ἲ פּ︡ -Lipschitz ṕ צּ ︣ Ṗ

Â Moreau ṇ huber

Â Moreau ṇ
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טּצּ ךּ

ךּ ךּ
Â צּ לּ

ἲ לּ ṕ Ṗ פּ צּ ךּ

Âṡ Ṣ ṡ צּ Lipschitz ּךṢ

ἲ פּ צּ Lipschitz ּנ

Ṅ ︡ צּ
Â ṕ Ṗךּ

Â ṇ ︣ Soft -Thresholding
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︡

︡
Â ḯ צּ -Lipschitz 

Â ︡ פּ נּאל

ἲ

Â לּ צּ

Â

ἲ כֿ ךּ ︣


