Sym ol able Ob ject The sym ol table ob ject is used with the expression ev aluation routines and the scratc hpad widget to store the de�ned alues of ariables. Sym ol tables can created as hildren of other sym ol tables, and ariables de�ned in hild erri de those in the paren t. When creating sym ol table the programm er can prede�ne alues for an desired ariables. able Ob ject The table ob ject is designed as standalone data analysis or mo deling ob ject, or to serv as the bac k-end to the tSpreadsheet widget. It allo ws manipulatio of data organized in to ro ws and columns. Ro ws, columns, or cells of the data can ha sym ol ic expressions asso ciated with them the alues for that ro w, column, or cell is obtained ev aluating the expression. Ro ws, columns, and sub-ranges can easily extracted from the table and used with the tPlot ter widget, for example. Dra wing Ob jects These are set of ob jects that dra lines, arcs, rectangles, ellipses, splines, etc. They kno ho to scale, rotate, and translate themselv es, and can comp osed to form comp ound dra wing ob jects. The abilit to create comp osite dra wing ob jects mak es it easy to de�ne primitiv es for an sort of domain-sp eci�c dra wing task. They are useful with the tPicture widget. Eac of the ob jects can dra itself in an windo and output ostscript represen tation of itself. Noti�cation Handler mo dule used with the Sym ol able ob ject. The application or other widgets or ob jects can register in terest in particular sym ol and will noti�ed via callbac when the alue of that sym ol hanges. Dialog Managemen Routines These routines, et to designed, will allo the programm er relativ ely simple to create dialog xes and will return the user’s resp onses in that is con enien for the program. Scaling Routines Routines used sev eral of the ob jects in the library They con ert et een pixel space and user space and vice ersa. They supp ort linear and logarithm i transform s. tScratc hpad The tScratc hpad widget pro vides text area in whic the user can de�ne ariables and functions and ev aluate sym olic expressions. Constan t and functions can pre-de�ned the application writer. This widget uses the expression ev aluation routines describ ed elo w. Prop erly setup, the scratc hpad could allo the user to set the alue of umeri parameters displa ed in tSlider or tP aram eter widgets. tPicture The tPicture widget is con tainer for the dra wing ob jects describ ed elo w. It manages displa list of ob jects whic it will refresh as needed. It noti�es the application through callbac ks when the user selects dra wn item, or clic ks, double clic ks or drags with the mouse. It will rubb er-band as the user drags the mouse. This allo ws the program to resp ond to user in teracti on with the dra wing ob jects that mak up the picture. tHelp The tHelp widget will displa on-line help for an application. It will supp ort ulti -fon t, hierarc hically organized text with yp ertext \hot sp ots" for follo wi ng cross-references. tCli The tCli widget is \comm and line in terface" for applications that an terminal based in terface. It is simil ar to orking with an xterm in an application the application can easily \prin t" out haracters, and can get callbac when the user en ters line and hits the return ey It pro vides cut-and-paste of text, scrolling, and command history using the up and do wn arro eys. yp ed Arithmetic Routines This part of the library will de�ne umeri data yp es and op erators and functions to op erate on them. Complex um ers and exp erimen ta data (data oin ts with errors) will de�ned with complete set of arithmet ic and trigonometr ic functions. Random ariables, dates, times, and other yp es ma also de�ned. Expression Ev aluation Routines These routines will pro vide sym ol ic expression parsing and ev aluation in terface. All the data yp es describ ed ab will supp orted. Expressions will ev aluated in the con text of giv en sym ol table. There will metho of assigning alue to ariable in sym ol table, and of de�ning single and ulti -v ar iat functions. formatted text string suitable for displa with the tT ext routines can extracted from parsed expression. attac hed to examine data that has scrolled sidew ys o� the screen. The user can drag the baseline of individual traces up or do wn as con enien t, and can use the mouse to measure relativ distance on the screen this allo ws measurem en of the erio d, frequency and amplitude of trace. Individual traces can selected and used with cut-and-paste. The widget can con�gured to oll for data at �xed time in terv al, or to simply displa data as the application generates it. tMeshPlot The tMeshPlot widget displa ys 3-dimensional mesh plots on set of x,y ,z axes. Hidden lines will remo ed, and the widget will allo the axes to rotated, and the angle of the observ er ab the plane to hanged. The user will able to select oin ts in 3-space and cross-sections of the data, probably through some sort of mouse in teract ion with the axes. The widget will supp ort ostScript output. tSlider The tSlider widget displa ys what amoun ts to an or axis from 2-dimensional plot. It displa ys umeric alue with sp ecial mark on the axis, and allo ws the user to hange that alue dragging the mark with the mouse. It can used in the same capacit as sliding oten tiom et er is used on ph ysical equipmen t. The Motif widget set pro vides similar widget, XmScale, but it only allo ws in teger alues. tP aram ete The tP a ram eter widget displa ys the name, the alue, and the units for single \param- eter". It also pro vides arro buttons whic the user can clic on to incremen or decremen the displa ed alue. The user ma also use the eyb oard to directly set the alue of the parameter. This widget is useful in sim ula tio applications, for example, whic require the user to input sev eral umeric parameters to the sim ulat ion engine. They are compact and require little screen space. tP aram ete rBo The tP ar am eterBo is designed to pro vide con enien to create and displa ul- tiple tP ar am eter widgets. The tP ara m eterBo will automat icall create the individual tP aram eter widgets, if desired, and the programm er can lo ok up parameter alues name. The aram eterBo will optionally scrolled, and groups of related tP aram eter widgets can graphically set o� from one another. tT ext The tT ext data structure and asso ciated routines allo for the displa of formatted ul- tifon text as ell as greek letters and mathemat ical sym ols. Sup erscripts and subscripts are supp orted as are square-ro ots, fractions, in tegral s, summ atio ns etc. Multi-line text is supp orted, and there are routines to do automatic ord wrapping of the text. ext ma displa ed rotated 90 degrees coun terclo kwise. It is ossible to sp ecify parts of the for- matted text as \hot sp ots", and determine when user has clic ed the mouse er these areas of the text. This pro vides basic yp er-text capabilit All text is displa ed in fon ts elonging to single sp eci�ed \fon family". There are routines for creating and manip- ulating fon famili es. ext is format ted for displa with em edded commands simil ar to those used the Scrib text formatt er. The tT ext routines op erate at the Xlib lev el. Most of the widgets in the library use these text displa routines. tLab el This widget is ery similar to the Motif lab el widget, except that it uses the tT ext facilities to allo the displa of formatted text. tT able This widget displa ys and allo ws the editing of tables of um ers and strings. It allo ws the user to cut and paste ro ws, columns, or regions of the table, and there are ostScript output routines to pro duce hardcop of the table. Alone, the tSpreadsheet widget has none of the traditional mathemat ical spreadsheet capabilities. These are the domain of the tMo del ob ject, whic is designed to ork ell with the tT able widget as its fron end. tPlotter The tPlot ter widget displa ys 2-dimensional x-y axes and will plot data oin ts, optionally connected, and optionally with error bars. It will also compute and displa con tour plots of 3-dimensional data. The axes can linear or logarit hmi c. The plot can giv en title, the axes lab eled, and the plot annotated with text. There is an optional legend. Individual plots can selected clic king on their name in the legend. selected plot can pasted in to other windo ws or applications. The widget can generate presen tation qualit ostscript output of the axes and the plots. Eac plot is treated as widget itself, and new plot yp es can added sub classing an existing yp e. tStrip hart The tStrip hart widget sim ula tes hart recorder or an oscilloscop e. It is di�eren from 2D plotting widget in that it displa ys data oin t-b y-p oin as it arriv es, rather than an en tire plot at time. An um er of \traces" can displa ed, and scrollbar can tPlotter widget that displa ys 2D x-y and con tour plots tMeshPl ot widget that displa ys 3D mesh plots tScratc hpad widget that allo ws the user to ev aluate sym olic mathema tica expres- sions and de�ne ariables and functions. tCli \command line in terface" widget. Applications can easily prin out prompts and read user input. tPicture widget to displa dra wings. tHelp widget for bro wsing on-line help informatio n. yp ed arithm etic routines set of comm on mathema tical data yp es and pro cedures to do arithmeti on them. Complex um ers, exp erimen tal data (n um ers with error bars), dates, times, etc., are supp orted. Sym olic expression ev aluation routines Routines that mak use of the yp ed arith- metic facilities to do sym olic math. Algebraic expressions are parsed and ev aluated. Quan tities can assigned to ariables. Sym ol table ob ject An ob ject that holds name, alue pairs for an application. Useful in sim ulat ion programs, and with the tP ara m eter widget. Mo del ob ject The \bac end" of the table widget. In com binatio with that widget it pro vides the functionalit of erful spreadsheet program. Used alone it is useful for data analysis and mo deling. Dra wing routines \ob ject orien ted" dra wing routines. Pictures are comp osed out of dra wing primitiv es or other sub-pictures. Pictures can translated, rotated and scaled. Noti�cation handler This mo dule is in harge of telling other ob jects when quan titi es they are in terested in hange. Dialog m anagem en routines Routines to automati cally create dialog xes and return the user’s resp onses to the program. Scaling routines Routines to con ert et een user and pixel co ordinate space. Used sev eral of the widgets Scop of the Library The thena ols library is collection of functions callable from C. It do es not con tain CASE to ols suc as user in terface builder. While some comp onen ts of the thena ols hin at far reac hing \program dev elopmen en vironm en t", this library is not suc an en vironmen itself. An Outline of the thena ols Library Draft for Commen ts Da vid Flanagan, Chris Craig July 30, 1990 Ov erview The thena ols library will collection of useful and usable to ols for the dev elopmen of tec hnical coursew are at Pro ject thena. It is in tended to pro vide, in ell do cumen ted, reliable, cen trally ai lable, and generally useful form, solutions to the most comm on urdles dev elop ers of tec hnical soft are face in our en vironmen t. The library will con tain olkit widgets to input and displa umeric data on graph- ical displa ys, as ell as non-widget facilities that simplify data analysis, aid in the creation of sim ul ati on programs, and pro vide structured graphics and yp ertext capabilities. The list elo giv es an erview of the elemen t of the library The remaining sections of this do cumen pro vide more detailed description of eac item. Please note that this do cumen describ es preliminary design of the thena ols library The sp eci�cations are in ten- tionally informal and in some cases ague. Implemen tat ion of some mo dules is underw but for the most part, the widgets and ob jects describ ed do not et exist. Comm en ts are solicited; send them to the Pro ject thena acult Liasons. Hardcop to E40-343A, or electronic mail to l@athena.mit.e du tT ex Routines to displa formatted text and mathemat ical sym ols. tLab el simple widget that uses the tT ext routines to displa format ted text. tSlider widget for displa and editing of umeric quan tit Similar to the sliding oten tiom eters on graphic equalizer. tP aram eter widget that displa ys the name, alue and units for umeric parameter and allo w the user to clic to incremen or decremen the alue. tP aram eterBo widget that allo ws for the con enien creation and la o ut and use of groups of tP aram eter widgets. tT able widget that displa ys and allo ws editing of um ers and strings in tables. tStrip hart widget that sim ula tes hart recorder or oscilloscop e. \widget" in olkit terminology is user-in terface ob ject, building blo of user-in terfaces.