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Fig. 1. Modulation instability distributions of the defocus-
ing two component coupled nonlinear Schrodinger system:
(a) Modulation instability distribution in the (£2,w) plane,
green dot curves are the boundary of the modulation in-
stability regime; (b) modulation instability distribution in
the (£2,a1) plane.
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Fig. 2. Modulation instability distributions and phase diagrams of fundamental nonlinear waves in standard nonlinear Schrodinger

system: (al) and (bl) are the distributions of the modulation instability gain in the (w, 2) plane and the (a, 2), respectively. “MI”

and “MS” denote modulation instability and modulation stability, respectively. the red dotted line is the resonance line; (a2) and

(b2) are the phase diagrams of fundamental nonlinear waves on the modulation instability gain distribution planes correspond to

(al) and (bl), respectively. "AB", "RW" and "KM" denote Akhmediev breather, rogue wave and Kuznetsov-Ma breather, respect-

ively.
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Fig. 3. Modulation instability distributions and phase diagrams of fundamental nonlinear waves in Sasa-Satsuma system: (a) Distri-
butions of the modulation instability gain in the background frequency w and perturbation frequency 2 plane. “MI” and “MS” de-
note modulation instability and modulation stability, respectively. The yellow dots are the critical points on the resonance line;
(b) phase diagrams of nonlinear waves in the modulation instability gain distribution planes. “AB” , “RW” and “KM” denote
Akhmediev breather, rogue wave and Kuznetsov-Ma breather, respectively; “WS”, “WST” and “AD” denote the W-shaped soliton,

W-shaped soliton train and anti-dark soliton, respectively.
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Fig. 4. Modulation instability distributions and phase diagrams of fundamental nonlinear waves in Hirota system; (a) Distributions

of the modulation instability gain in the background frequency w and perturbation frequency (2 plane. “MI” and “MS” denote

modulation instability and modulation stability, respectively; (b) phase diagrams of nonlinear waves in the modulation instability

gain distribution planes. “AB”, “RW” and “KM” denote Akhmediev breather, rogue wave and Kuznetsov-Ma breather, respect-

ively; “WS”, “AD”, “PW” and “MPS” denote the W-shaped soliton, anti-dark soliton, periodic wave and multi-peak soliton, re-

spectively.
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Fig. 5. Modulation instability distributions and phase diagrams of fundamental nonlinear waves in fourth-order nonlinear
Schrodinger system: (a) Distributions of the modulation instability gain in the background frequency w and perturbation frequency
0 plane. “MI” and “MS” denote modulation instability and modulation stability, respectively; (b), (c) phase diagrams of nonlinear
waves in the background frequency w and perturbation frequency (2 plane. “AB”, “RW”, “KM”, “PW”, “WST” “WS,” “WSWS,”
and “AD” denote Akhmediev breather, rogue wave, Kuznetsov-Ma breather, periodic wave, W-shaped soliton train, rational W-
shaped soliton, nonrational W-shaped soliton and anti-dark soliton, respectively.
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Table 1.  Excitation conditions of fundamental nonlinear waves.
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HHEB RS, ZHI B =1/12, y=—-1/36, a=1; (b) Hirota %, ZHIM B =1/12, y=0, a=1; (c) IELHEFHE B RS,
SR B =1/12, v =0, a=1; (d) REGINF FAEH B W I IRF M T AR AAL B AH L (e) AN, W IE 98745 7AW B
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HEAUE W IR IR

Fig. 6. Phase diagrams of nonlinear waves in the background frequency w, perturbation frequency (2, perturbation energy e and
relative phase ¢ space for different systems: (a) Fourth-order nonlinear Schrodinger system. Parameters are 8 =1/12, vy = —1/36,
a =1; (b) hirota system. Parameters are 8 =1/12, v =0, a = 1; (c) nonlinear Schrédinger system. Parameters are 5 =~ =0,
a =1; (d) phase diagram of anti-dark soliton and nonrational W-shaped soliton in relative phase space; (e) phase diagram of peri-
odic wave, W-shaped soliton train and rational W-shaped soliton in the (¢, £2) plane. “TW”, “KM”, “AB”, “RW”, “MPS”, “AD”,
“WSp 7, “PW”, “WST” and “WS;” denote Tajiri-Watanabe breather, Kuznetsov-Ma breather, Akhmediev breather, rogue wave,
multi-peak soliton, anti-dark soliton, nonrational W-shaped soliton, periodic wave, W-shaped soliton train and rational W-shaped

soliton.

- —

o7 AREAELMER SR CR (o) WFRTFIBE 2 ] B 8OC R (b) IR FR W B 2 ) i e e 0 & P “TW?, “KM7,
“AB”, “RW” 43 %] i Tajiri-Watanabe M-I F | Kuznetsov-Ma FFI F . Akhmediev FEWE F R, “MPS”, “AD”, “WSy 7, “PW?”,
“WST”FI“WS, ” 3| /R Z W1 W IRT | A 2 WIRIRT | 010 . WIB LT F1A 2 W IR LT

Fig. 7. Conversion relationship of different nonlinear waves: (a) Conversion relationship between breathers and rogue wave; (b) con-
version relationship between the solitons and periodic waves. “TW”, “KM”, “AB”, “RW”, “MPS”, “AD”, “WSy. 7, “PW”, “WST”
and “WS;” denote Tajiri-Watanabe breather, Kuznetsov-Ma breather, Akhmediev breather, rogue wave, multi-peak soliton, anti-

dark soliton, nonrational W-shaped soliton, periodic wave, W-shaped soliton train and rational W-shaped soliton.
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Quantitative relations between fundamental nonlinear waves
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Abstract

Nonlinear waves are ubiquitous in various physical systems, and they have become one of the research
hotspots in nonlinear physics. For the experimental realization, observation and application of nonlinear waves,
it is very important to understand the generation mechanism, and determine the essential excitation conditions
of various nonlinear waves. In this paper, we first briefly review the experimental and theoretical research
progress of nonlinear waves in recent years. Based on the exact nonlinear wave solutions and linear stability
analysis results, we systemically discuss how to establish the quantitative relations between fundamental
nonlinear waves and modulation instability. These relations would deepen our understanding on the mechanism
of nonlinear waves. To solve the excitation conditions degenerations problem for some nonlinear waves, we
further introduce the perturbation energy and relative phase to determine the excitation conditions of nonlinear
waves. Finally, we present a set of complete parameters that can determine the excitation conditions of
nonlinear waves, and give the excitation conditions and phase diagrams of the fundamental nonlinear waves.
These results can be used to realize controllable excitation of nonlinear waves, and could be extended to many

other nonlinear systems.
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