8.7 SUIMIMABIY ..ttt ettt sttt et ettt et b st e st bt e b s bt et e bt sae e b e s be e b e nreemee b e sbeeneenneeanes 54

9. CONCIUSION ..ottt e b e bt bbbttt b e bt e bbb et e e et e st eneenenbeneenen 55
9.1 INTFOTUCTION ...ttt bbbttt ettt 55
9.2 ACKHBVEIMENTS. ...ttt ettt et b 55
0.3 LIMITALIONS . ..ttt sttt b e bbb e bttt b e r e nennens 56
0.4 FULUIE WOTK ...ttt sttt b ettt ettt besbe b nne st 56
0.5 SUMIMIAIY ..eiiieitie ettt ettt e st e s e et e e te e s beesbeessaesabeesteenseesbaesseesseeeseeensesteesseesseeans 57

RETEIEICES ...ttt b bt b e bt et ettt b et b e 58

Appendix I: Topological Genetic AIGQOFtRM ..........cooiiviiiiiiceeee e 61

Appendix 11: Topological Data ANAIYSIS.........coereieiririeinereseretee ettt neens 62

AppendixX H: TOPOIOGICAI PrUNEY ..ottt 63

Appendix 1V: VGG Model IMPIementation ............cceviieeiiieeicceeecteseete sttt s 64



Figure 1.1:
Figure 1.2:

List of Figures

oY ol =YY Y I Yol o Yot { U < U 2
Topological Pruner AbStract MOTEl .......ccccuuviiieiiiie et e et e e aaae e 3

Figure 2.1: Model COMPression TAXONOMY ....ciiicuieeeicireeeriireeseiieeeessseeeessseeeessseeessssssesssssssessssssssessssssseenns 6
Figure 4.1: Branches of Mathematics (Algebraic topology is in the shaded area) .........ccccecevvveeecveeeeennneen. 11
Figure 4.2: TOpOological SIMIlarities .....cuuiiiiiiiiiiiiiiie ettt e e st e e s e e s s abe e e s snbeeesenareeas 12
Figure 4.3: Neighborhood Of X .....uiiiiiiieee e s e s bee e s s saree s 14
Figure 4.4: A SEParated SPACE ......uviiieiiiiee ettt ettt e e e s te e e e st e e e e s at e e e s e abaeeeeabeeeeeareee e e nreeeeennreeas 14
Figure 4.5: Continuous Deformations of a Topological SPACE........cvvviciiiiiriiiie e 15
Figure 4.6: EQUIVAlENCE IN TOPOIOZY ...uuviiiieiiiie ettt ettt e e st e e et e e e e ate e e e e abe e e s eareeeeennbeeeeennsenas 15
Figure 4.7: Polygon With TrHangles .........uee it e e e e e e e e e e ba e e e e areeas 16
Figure 4.8: First fOUr SIMPIEXES ... .uviiiiiiie ittt et e e e st e e e st e e e e s bbe e e e s abeeessnbeeesennreeas 18
Figure 4.9: EXamples fOr POIYNEAIONS ..........uviiiiiiiieeee ettt et e e e e b e e e e nte e e e eeareeas 18
Figure 4.10: Decomposing @ POIYNEral .........coiiiiiiiiiiieeccieee ettt e e e s ree e s e e s 18
Figure 4.11: Bar codes and Persistence Diagrams .....ccuueiiiiuieeeeiiiieeeiieeeesciee e esseree e e sree e s ssabeee s ssnseeessnaseeas 19
Figure 4.12: Generating simplicial COMPIEXES ......uveiieiiiiiieiee et e e e e e e e e eareeas 20
Figure 4.13: Filtration of the simplicial COMPIEXES ..cccueviiiiiiiiiiec e 20
FIBUre 4.14: FEATUIES VS NOISE c.eiiiiiiiiiiiiiiiieieieeeeeteeeeeeeeeeeeeeeeeeeeeeeeeeeeeseeeeseeeeeeseeeeesereeeeeeeeeeeserereeeeeeeeeeeeeeennene 21
Figure 4.15: Pairing a point With itS Projection...........ccueeiiciiii et 22
Figure 4.16: Three datasets with similar topological properties .......ccccceeeecieeiiiiiee e, 22
Figure 4.17: Topological Data ANalYSIS ......ccuueiiiiiieeieciee ettt e e et e e e e e e e s e rabe e e e enbeee e eenneeas 23
Figure 4.18: Distinguish Zero from Eight.........coooiiiiiiiiieccce et 24
Figure 4.19: Mapper representation of a Hand shaped point could .........cccouviiiiiiiiiiniiiei e, 24
Figure 4.20: Responsibilities of each layer of VGG-16........cc.ueeeeiuiiiieiiiii ettt 25
Figure 4.21: Taxonomy Of Metah@uUIIStICS .....uiiiciiiiiiiiie e e ree e e aree s 26
Figure 4.22: General Algorithm for GA (SOUICE: [34]) uuueeieiiiiieeciee et e e e et e e e 27
Figure 4.23: Operations use in GA (SOUICE [34])..uuuiiiiiiiieeeciiee et ee e e e et e e e e stte e e e e ebe e e e e sabae e e eenbaeeeenareeas 28

Figure 6.1:
Figure 6.2:
Figure 6.3:
Figure 6.4:
Figure 6.5:
Figure 6.6:
Figure 7.1:
Figure 7.2:
Figure 7.3:
Figure 7.4:
Figure 7.5:
Figure 7.6:
Figure 8.1:
Figure 8.2:

FiN o1 d = Yok oleTa Y e Jo 1Y =] ol s Vo o [1] F=TS PSR 34
Abstract Data Collector MOAUIE .......oicvii ettt e s sbee e snaee e 36
Abstract Metric Calculator MOAUIE .......cooiiiiiiiieiieee ettt st 37
Abstract EVOIULIONAry MOTUIE .......couviiieeee et et e e e arae e e e nreeas 37
Abstract Sparsity AHocator MOUIE ........cc.uviiieiieeeee e e 38
FAN o1 d = Yot dY o 1=T=To [U o 3N 1Y, Fo Yo [ L PP SRR 39
Generating @ POINt ClOU ... e e e e e e e e e e e e e s e e ennrraeeeeeeeeenns 43
Generate PersisteNCe diagrami.. . i i ccieie et e e e et e e e rar e e e s saare e e enataeeesnnraeeeaas 44
FITN@SS FUNCHION ..ceiiiiiiie et r e e e s e e e 44

Implementation of TOPOIOGICAl PrUNEI.........ovii it e 46
ComPression PIPEHNE ......ooeiiiiiii e e s e e st e e e st e e e e ebte e e e sateeeessntaeaesanes 46
Y ToTo LY Iy oT=T=Te [0 oI o o Yol T3y U 47
Sy =1 Je =T e @ oY 00T oF- [ o 1Yo o RS USSR 51
Recoverability COMPAriSON ........cciiii ittt e e e e e e ebae e s e bae e s eenbaee e enaaeeas 52


file:///E:/MSc/Research/Research%20Thesis%20Viva%20v10.docx%23_Toc98110422
file:///E:/MSc/Research/Research%20Thesis%20Viva%20v10.docx%23_Toc98110423
file:///E:/MSc/Research/Research%20Thesis%20Viva%20v10.docx%23_Toc98110428
file:///E:/MSc/Research/Research%20Thesis%20Viva%20v10.docx%23_Toc98110429
file:///E:/MSc/Research/Research%20Thesis%20Viva%20v10.docx%23_Toc98110432
file:///E:/MSc/Research/Research%20Thesis%20Viva%20v10.docx%23_Toc98110434
file:///E:/MSc/Research/Research%20Thesis%20Viva%20v10.docx%23_Toc98110436
file:///E:/MSc/Research/Research%20Thesis%20Viva%20v10.docx%23_Toc98110437
file:///E:/MSc/Research/Research%20Thesis%20Viva%20v10.docx%23_Toc98110440
file:///E:/MSc/Research/Research%20Thesis%20Viva%20v10.docx%23_Toc98110441
file:///E:/MSc/Research/Research%20Thesis%20Viva%20v10.docx%23_Toc98110442
file:///E:/MSc/Research/Research%20Thesis%20Viva%20v10.docx%23_Toc98110443
file:///E:/MSc/Research/Research%20Thesis%20Viva%20v10.docx%23_Toc98110448
file:///E:/MSc/Research/Research%20Thesis%20Viva%20v10.docx%23_Toc98110449
file:///E:/MSc/Research/Research%20Thesis%20Viva%20v10.docx%23_Toc98110450
file:///E:/MSc/Research/Research%20Thesis%20Viva%20v10.docx%23_Toc98110451
file:///E:/MSc/Research/Research%20Thesis%20Viva%20v10.docx%23_Toc98110452
file:///E:/MSc/Research/Research%20Thesis%20Viva%20v10.docx%23_Toc98110453
file:///E:/MSc/Research/Research%20Thesis%20Viva%20v10.docx%23_Toc98110454
file:///E:/MSc/Research/Research%20Thesis%20Viva%20v10.docx%23_Toc98110455
file:///E:/MSc/Research/Research%20Thesis%20Viva%20v10.docx%23_Toc98110456

List of Tables

Table 3.1: Issues and Challenges in Current TEChNOIOGIES ......ccccvviiiiiiiiiiciiee e e 9
Table 4.1: FACES OF SIMPIEXES .....oviieieieiieeet ettt sttt b e ee 17
Table 7.1: Trainable parameters arranged DY aYErS ......coovcuiiieiiiiee e e 42
Table 8.1: Models used iN EVAlUGLION .....oiiiiiiiiiciiie ettt e e e s e e s s nbee e s eaneeas 50
Table 8.2: FLOPS and NUMber Of Parameters. ...ttt ssee e e e s sbee e e 51
Table 8.3: Recoverability TEST RESUILS ....cccccviiiiiiiiie ettt e e e e e e e b e e e e abe e e s enbaee e eenreeas 52
Table 8.4: CoONVEIrgeNCE TEST RESUILS ...vviiiiiiiiciiiiiieee ettt eeeecttree e e e e e e s tbraeeeeeeeeseaabraeeeeeeessnsaraseeeens 53

Xi



List of Abbreviations

CBIS : Component based software engineering
FLOPS: Floating-point Operations per Second
GA  : Genetic Algorithms

NAS : Neural Architecture Search

NNP : Neural Network Pruning

Xii



