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1. Introduction

Rogue waves are large and spontaneous waves in nonlinear systems. 

Rogue waves can be damaging. 

Optical rogue wavesRogue waves in ocean

Thus understanding of rogue waves and conditions for their 
appearance is necessary. 

Kibler et al. 2010
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1. Introduction

A strong point of view:  rogue waves are due to modulation instability. 

Mathematically the simplest model for describing modulation instability 
in optics and water waves is the NLS equation:  

The simplest rogue wave in this equation was given by Peregrine (1983). 

Higher-order rogue waves in this NLS equation were derived by  

• Akhmediev et al. (2009 --)
• Matveev et al (2010 --)
• Guo, Ling and Liu (2012)
• Ohta & Yang (2012)
• He et al. (2013)
• ........
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Notes: 

• The Peregrine solution could be obtained by reduction of algebraic 
solutions for Davey-Stewartson equations (Satsuma & Ablowitz 1979)

• These rogue waves are related to homoclinic solutions under a certain 
limit. 

1. Introduction
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Recently, rogue waves in various other integrable systems have also 
been derived, including 

• Hirota equation (Akhmediev et al. 2010)
• derivative NLS equation (He et al.  2011, Guo et al. 2012)
• Davey-Stewartson equations  (Ohta & Yang, 2012, 2013)
• Manakov equations (Degasperis et al. 2012)
• Three-wave interaction model (Degasperis et al. 2013)  
• Maxwell-Bloch equations (He et al. 2013)
• ………….

1. Introduction

Main techniques used:

• Darboux transformation
• Bilinear methods

kostadm
Typewritten Text

kostadm
Typewritten Text
Yajima-Oikawa system (Feng, Maruno, 2015)

kostadm
Typewritten Text
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Experiments: 

1. Introduction

Optical fibers
Water tanks

2nd-order rogue wave 

Kibler, et al.  2010

1st-order rogue wave

Chabchoub, et al. 2012
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1. Introduction

In this talk, we study rogue waves in the discrete Ablowitz-Ladik 
equations. 

Ablowitz-Ladik equations are the first space-discrete integrable 
equations discovered by Ablowitz and Ladik in 1976. 

Special first-order and second-order rogue waves in the focusing 
Ablowitz-Ladik equations were reported by Akhmediev and 
collaborators in 2010. 

In this talk, we derive general rogue-wave solutions in both the 
focusing and defocusing AL equations (Ohta and Yang 2014). 
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2. Modulation instability in Ablowitz-Ladik equations
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2. Modulation instability in Ablowitz-Ladik equations
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3. Formulae for General Rogue Waves in AL Equations
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4. Dynamics of General Rogue Waves in AL Equations
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4. Dynamics of General Rogue Waves in AL Equations

On-site

Off-site

Broad wave Narrow wave
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5. Derivation of General Rogue Waves in AL Equations
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6. Comparison with Rogue waves in DS equations

Similarities with AL:

Rogue waves in DSI are always regular (no blowup); 
Rogue waves in DSII may be singular (blowup can occur) 

DS equations were derived by Benney & Roskes (1969) and Davey 
& Stewartson (1974), and are also called Benney-Roskes-Davey-
Stewartson equations. 

DS equations are divided into two types, DSI and DSII: 

Rogue waves in AL equations remind us of rogue waves in the 
Davey-Stewartson (DS) equations. 
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