Ming — An MD Knot Enegy Minimizing Program

Ying-QingWu

81. THE PROGRAM

Ming is a computemprogramusedto find local minimaof MD enepy for knots. The programis
availablevia anorymousftp at ftp.math.uiava.edu,n thedirectoryof wu/ming. WWW userscango
to http://wwwmath.uiowa.edu/ wu/min/mirlgmlandfollow the links to getit. Remembethatyou
needto changethe modeof the file by typing “chmod 700 ming” to malke it executable.Figure 1
shavstheoutlook of the program.
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Figurel: A pictureof ming

Ming is writtenin C++, X-Motif andOpenlinventor It canhandleknotswith up to 1000vertices,
andcanbe usedasa tool to drawv and edit a knot, visualizeit in differentforms, minimize its MD
enegy, andfind minimal edgepresentationf knots. Thesewill bediscussedh detailin thefollowing
sections.SinceMing usesSilicon Graphics’Openinventorto draw the knot pictures,it canrun only
on SGImachineqor atleastsoin our building.)

Thehistory. This programemegedfrom atalk givenby JonatharSimononourtopologyseminar
in Spring95. He pointedout that MD enegy is not a smoothfunction on the configurationspace



of a polygonalknot. As such, earlierenegy minimizing programs,like ked of Kenry Hunt, use
randomperturbationmethods. While this works for small knots, its performances very poor for
knotswith largeedgenumber Thefirst versionof ming, calledmin, waswrittenin the beliefthatthe
“gradientflow” methodshouldwork despitehefactthatthe gradientfunctionis discontinuousnthe
configurationspace This turnedoutto betrue. The programunknotteda 122 edgetwistedFreedman
knotwithin afew hours,while the earlierprogramsgot stuckafterrunningfor severaldays.

Min did not have graphicoutput. It only shovedtheenegy of theknot. Thegraphicfeaturesvere
addedto the programduring the winter vacationof 1995, andthe namechangedo ming, meaning
min with graphics.Theknot editoris addedin Summerof 1996,makingit possibleto enterthe knot
by clicking the mousebuttons.

Pleasesendany commentor bugsyou foundto meatwu@math.uiowa.edu.

Adknowledgment. | would like to thank JonatharSimonfor his continuoussupportand mary
helpful corversationdrom the begining of this project, and thank Kenry Hunt for sendingme his
codefor ked which hadbeenvery helpfulwhenl startedwriting Openinventorcode.

§2. KNOT EDITOR

In the directory of ming, type the command‘ming” to startthe program. To draw a new knot,
choose\ew from the File menu,or usethe keyboardshortcut:Presghe“alt” key andtype“n”.

Figure2: Drawing knoton ming

Click mousebutton 1 to geta new vertex for theknot, andclick button 2 to deletethe lastvertex.
To movethenew verte, do notreleasebutton 1 afterpressingt, andmove the mousearoundto move
the vertex on the xy-plane(the view plane). To move the point alongthe z-axis, pressbutton 1 and
button 2 simultaneouslythenmove the mouseup or down. Figure2 shows the pictureof a knotin
drawing. Knot canbe openedor saredto aknotfile usingthe File menu.

After makingaknot,the programentersedit’ mode.Click theedit buttononthecontrolpanelto
exit/entereditmode.

In edit mode,click the ‘arrow’ box on the right handside of the drawing areato make picking
possible Click button1 on avertex or anedgeto highlightit. Button2 is usedto deletea highlighted
vertex, or addavertex to a highlightededge.Moving a highlightedvertex aroundin the sameway as



whendrawing a new knot. Onecanalsousethe wheelsto turn the knot around thenmove the vertex
in thedesireddirection.

§3. VISUALIZATION

The drawing window, the wheels,andthe little picturedboxeson the right edgeof the drawing
areaform the “examinerviewer” of Openlinventor This viewer hassomenice built-in functions,
whichis themainreasonwe usedOpeninventorinsteadof OpenGL.

Click the “eye” box will put the knot in a goodview position. Click the “hand” box to enable
moving the knot. Onecanthendragthe knot aroundusingthe mousebuttons. Click the “?” boxto
seedetailedhelpinformationaboutthis viewer.

Ming canvisualize3-D knot picturein differentforms. The thicknessof the knot canbe changed
usingthe Sizemenuitems,or the commande N. In non-editmodeone canusethe Rendermenuto
choosedrawing the knot as arc sggments,tubes,or cylinder-balls. Use Color menuto specifythe
color schedulepr bring up color editorsfor knot and backgroundyespectiely. See§6 and§7 for
moredetailsaboutcommandandmenus.

Figure3: A smoothFigure8 knot




Figure4: A polygonalsquareknot

Onecandraw a smoothknot by clicking the smooth button on the control panel. SeeFigure 3
andFigure4 for picturesof a smoothFigure8 knot anda polygonalsquareknot. The smoothmode
actuallydraw aknotwith 150 edges.To make theknotlook smootherenterthecommands N, where
N is thenumberof edgesf thesmoothknot, which shouldbe atmost1000.Be awarethatthe smooth
knot drawn is an approximationof the polygonalknot, soin somecaseghe knot type could have
beenchangedi.e. the knot you seemay not be the knot you have behindthe screen.If this happens,
increasethe numberof edgesfor the original polygonalknot, run ming for a while, thenredrav the
smoothknot.

§4. THE MD ENERGY MINIMIZER

The MD enepgy is definedby JonSimonfor polygonalknots. A polygonalknot K consistsof
several edgesey, ..., e, in the Euclideanspace which form a closedknottedloop. The endsof the
edgesarecalledtheverticesof theknot. Theenepy of K is definedas

Li;L;
E(K) = Z D?.J
ij

whereL; is thelengthof ¢;, D;; is the minimum distancebetweere; ande;, andthe sumis taken
over all nonadjaceniedges.We referthe readerdo Simon's paper[Si] for a thoroughdiscussiorof
theMD eneny, its relationto the otherenepgies,andits applicationto the studyof DNA.

A knot can be deformedto anotherby an “isotopy”. The problemaboutcomputationof knot
enegy is to find theminimal enegy amongall knotsisotopicto agivenknot. Ming will try to find the
minimal enegy by pushingtheknotalongthedirectionof its “eneigy gradient”. Actually this method
doesnot find the minimal enegy. Whatit approachesirelocal minimalsof the knot enegy. Such
minimalsarenot unique. For example,theknots4_1.8 and4_1.8.2in the directory“knots” areboth
figure8 knotswith 8 edgesandtheirenegy cannotbereduceddy mingor any otherknown programs,
but their enegiesarevery different: 228 with 304! Anotherexampleis givenby an unknotwith 22
edgesnamedtriv.minin thatdirectory, which aparentlycannot be unknottedwithout increasingthe
enegy. No algorithmis known to find the absoluteminimum of theenegy for a givenknot.

To run the enegy minimizer, enterthe commandrun N or r N. Theknotis movedwith certain
restrictionto guarante¢hattheknottypewill notbechangedTherearetwo methodsusedto flow the
knot. The defaultis to move eachvertex alongits gradientdirection,accordingto its own derivative
andtherestrictionof minimal distancesetweernits adjacentedgesandthe otheredges.The second
methodis to move all the verticesaccordingto a universalderivative of the gradient,and subjectto
the universalminimal distancerestriction. The first methodis the default, andrunsfasterin practice
for mary knots. The secondmethodis moreaccuratevhenapproaching local minimum. Choose
RoughRunfrom the Optionsmenuto togglebetweerthesetwo methods.

Thecommandd/ F N andv F actlike videocontrols.V F N will recordthe runningresultto the
file F every N steps.Notethatthe datais appendedo thefile, not to erasetheold file. Typea single
V will stoptherecording.Thecommandv F will displaythevideofile F. Youmaytry thetwo video
filesfreed.vandbrun.v in the “knots” directory

65. HANDLING EDGES



The edgenumberof a knot K is definedasthe minimal numberof edgesone canuseto present
K. Seethe paperof RichardRandell[Ra] for thetheoryof this knotinvariant.Ming canbe usedasa
tool in trying to find a presentatiomf a givenknot with few edges.

To deleteN edgesfrom K, enterthe commandd N. The programwill try to find somedeleting
triangle, thatis, a triangle spannedy two adjacentedgesandis disjoint from the otheredges.If it
finds sucha triangle, it replaceshosetwo edgesof the knot by the third edgeof the triangle, thus
decreas¢he numberof the verticeswithout changingthe knottype.

If this fails, one cantry to deletea vertex using “Pinch Force”. Toggle this methodon/off by
choosingAdd Pinch Force from the optionmenu.With this method the programwill addsomeforce
to the gradienton the two endsof an edge,andrun the enegy minimizer. One canseethatone of
the edgesds shrinkingwhile the programis running. In mary caseswhenthe edgebecomesmall,a
deletingtriangleappearssothe programwill be ableto deletea vertex.

The programhassuccessfullyfound knot presentationsvith bestknown edgenumberdor mary
knots. However, thereis no guaranteghatthe minimal numberof edgesfound by the programis the
edgenumberof the knot. Right now thereis no known algothrimfor finding the edgenumberof a
knot, andthe edgenumberof knotsare known only for a few knots. SeeRandells paperfor more
details.

To addverticesto theknot, simply typethecommanda N.

Onecandeleteverticesmanuallyusingthe knot editor. To avoid changingtheknottype,onemay
wantto seethetrianglebeforedeletingit. To show all triangles,enterthe commandr. (Thisis the
only commandwhich is sensitve to morethanoneletter) Entertr againwill deletethem. To show
a specifictriangle,click ata vertex to highlightit, pressbutton 1 andthenclick button 3. To deletea
trianglefrom the picture,click button1 onthattriangle.

The edgedeletingpartis implementednly in the genericcase.If the planeof thetrianglepasses
throughmorethan3 verticesjt will notbeconsideredsadeletingtriangle,evenif it doesnotintersect
otheredges.n particular the programwill notbeableto detectary deletingtrianglesif theknotis a
planarunknot.

§6. THE COMMANDS

The following is a list of all the available commands.Most of them can be obtainedbe either
clicking on the commandbuttons(smooth,add, delete)or choosingfrom the menus. All but thetr
ommandsaresensitve only to thefirst letter Thus,for example,run: 10 andr 10 will havethesame
effect: Bothruntheenegy reducingprocesd 0times.In bellow, N will denoteanumberwhich could
beintegeror realnumber

aN: Add N verticesto theknot K. While N is greaterthanthe numberof verticesof K, the
programwill addonevertex for eachedge. Otherwise,it addsverticesto the longest
edges.

A N: Setthelevel of Antialiasing.N is betweenl and20. If N=1, antialiasings off. Higher

antialiasinglevel will make the picturelook smoothey but the renderingwill be very
slow if antialiasingis on. You maywantto turnit on whenusing“snapshot’o record
knot pictures.

cN: Setthecolorperior. Try to chooscel/usr/inCC-l/usr/include-L/ust/lib -Im -le periodic
from Color menu,andenterthe commandt 3 to seehow the color is changed.



d N:

eN:
OF:
p N:

P N:
r N:

sN:

SF:
t N:

tr:
V FN:
v F:

DeleteN verticesfrom the knot. The programwill deletea vertex only if it doesnot
changethe knot type. Whenno verticescanbe deletedin the obviousway, andif add
pinch forceis on (default),it will pinchoneof theedgesandthentry deletingagain.

Settheedgeradius.N canberealnumber
Openthefile “F”. An alternatve to the Openfile dialog.

Setthepinchedge.If pinchforceis turnedon,theprogramwill try to pinchthis edgeto
apointin orderto remove avertex. Setp -1 to choosehe edgehaving greatestingles
to its neighborgdefault).

SetPixel perinch whensaving theknot pictureasa postscripffile. Defaultis 150.
Runtheenegy minimizerN times.
Togglebetweerdraving smooth/polygonaknots. Sameasthe smaooth button.

Drawing smoothknots. N determineshe numberof verticeson the smoothknots,
default= 150. WARNING: Whendrawing a smoothingknot, theprogramreplacesrcs
with curves,soit is possiblethatthe knot type shovn could be differentfrom what it
actuallyis.

Save theknotto file “F”. An alternatize to the Savefile dialog.

If Rendemenuitemsis setto tube this commandwill setthe numberof sidesfor the
tube. For example,t 3 will setthe crosssectionof thetubeastriangle. If N is larger,
thetubewill look smootherbut it will slow down therendemprocessThedefaultvalue
is 8, andthe maximumis 32.

Shaw/hideall triangleswith two edgesontheknot. Usedto find deletingtriangles.
Save outputto file “F” every N steps.

Continuouslyshaw knotsin file “F”. Acting like shaving avideo.

§7. MENUS

1. FILE MENU: It containsOpen Save SavePS New andQuit items. SavePSwill savethepicture
asapostscriptfile.

2. SIZE MENU: Onecanchooseheradiusof theknottubehere.Default valueis 2.

3. COLOR MENU: Therearethreewaysto color the knot.

(i) Periodic: Thecoloris changederiodicallywhentraveling alongthe knot. Default periodis 1,
andcanbechangedy SetColor Period.

(i) Depth Thecoloris determinedy theoriginal z-coordinateof the point.

(i) Single Usesinglecolor.

With ChooseKnot Color onecanchoosesereral presetsinglecolorsfor the knot.



Thenext two itemswill bring up color editorsfor theknot (with singlecolor) andthebackground.
Whenthecoloreditorwindow shavs up, click onthetogglebuttonsontheeditorto bring upthecolor
map,andmaove the pointin the color mapto choosea color.

Thebackgroundoloris specifiedonly by thediffusecolor onthecolor editor.

Thelastitem printsthecommancdcolor _period for settingcolor period. See§6 for moredetails.

4. RENDER MENU: Renderingby line is the fastest. Renderingby tube is the default, and is
probablythe best. Whenthe vertex numberis small, renderingby cylinder-ball will shov round
verticesbutit is slow whenvertex numbeiis large. The4th menuitem printsthecommandor setting
thetubesides.Draw a smoothknot, andtry thecommands 1, t 2, t 3 andt 10 to seethedifference.

5. OPTIONS MENU:

(i) Thefirst item togglesantialiasingon/off. Whenit is turnedon, it setantialiasinglevel to 10.
See§6 for moredetails.

(i) The seconditem togglesRoughRunon/off. Whenroughrunis on, eachvertex of the knot
is movedaccordingto its own gradient. This methodapproacheghe minimal enegy fasterfor mary
knots,but it is notaccurate.

(iif) Add Pinch Force This item is importantwhenonewantsto find the minimum numberof
edgedo represent knot. If thisis off, the delete commandwill only try to deleteverticeswithout
changingtheothervertices.If AddPinch Forceis on, it addsomeextra force on certainedgestrying
to pinchit to a point sothatcertainvertex canberemoved.

The othertwo itemsprintscommandgor settingantialiasingevel andpinchedge.

6. HELP MENU: It contains4 items: README commandsmenusandedit. Eachwill print some
helpmessages.
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