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C3D Solver 2017

YnyuuwleHo APl 3D-peluatens

typedef MtGeomSolver ¥ GCM_system
System of geometric constraints.

typedef MtObjectld GCM_object
Descriptor of geometrical object registered in the solver context.

typedef GCM_object GCM_geom
Descriptor of geometrical object registered in the solver context.

typedef GCM_object GCM_constraint
Descriptor of a constraint registered in the solver.

typedef GCM_object GCM_pattern
Descriptor of a pattern registered in the solver.
typedef bool(* GCM_dependent_func )(MbPlacement3D gPlaces[], size_t gPlacesSize, GCM_extra_param exPar)

typedef GCM_dependent_func GCM_dependent_geom_func
Alternative typename of # GCM_dependent_func.
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C3D Solver 2017

YnyuuwleHo APl 3D-peluatens

GCM_system

void

void

bool

bool

GCM_CreateSystem ()
Create a simple constraint system.

GCM_ClearSystem (GCM_system gSys)
Make the constraint system empty.

GCM_RemoveSystem (GCM_system ¢gSys)
Delete system of constraints.

GCM_ReadSystem (GCM_system gSys, reader &in)
Read constraint system from stream.

GCM_WriteSystem (GCM_system gSys, writer &out)
Write constraint system to stream.
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YnyuuwleHo APl 3D-peluatens

GCM_geom

GCM_geom

GCM_geom

GCM_geom

GCM_geom

GCM_g_type

GCM_AddPoint (GCM_system gSys, const MbCartPoint3D &pVal)
Add point to the constraint system.

GCM_AddGeom (GCM_system gSys, const GCM_g_record &gRec)
Add geometric object to the constraint system.

GCM_AddGeom (GCM_system gSys, GCM_g_type gType, const MbMatrix3D &gMat, double radiusA, double radiusB)
Add geometric object to the constraint system.

GCM_SubGeom (GCM_system gSys, GCM_geom sol, const GCM_g_record &gRec)
Include a geometric sub-object to the subsystem of a solid (rigid cluster).

GCM_Parent (GCM_system gSys, GCM_geom subGeom)
Give a cluster (solid) in which a geometric object is included.

GCM_GeomType (GCM_system gSys, GCM_geom g)
A type of geometric object.
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YnyuuwleHo APl 3D-peluatens

GCM_constraint

GCM_constraint

GCM_constraint

GCM_constraint
GCM_constraint

GCM_constraint

GCM_constraint
GCM_pattern

GCM_pattern

GCM_constraint

GCM_constraint

GCM_AddBinConstraint (GCM_system gSys, GCM_c_type cType, GCM_geom g1, GCM_geom g2, GCM_alignment aVal=GCM_CLOSEST, GCM_tan_choice
tVar=GCM_TAN_POINT)

Set a binary constraint for two geometric objects.

GCM_AddDistance (GCM_system gSys, GCM_geom g1, GCM_geom g2, double dVal, GCM_alignment aVal=GCM_CLOSEST)

Set a constraint which specifies distance between a pair of geometric objects.

GCM_AddAngle (GCM_system gSys, GCM_geom g1, GCM_geom g2, GCM_geom axis, double dVal)

Set a constraint which specifies angle between a pair of geometric objects.

GCM_AddAngle (GCM_system gSys, GCM_geom g1, GCM_geom g2, double dVal)

GCM_FixRadius (GCM_system gSys, GCM_geom g1)

To create a constraint which specifies a radius of geometric objects.

GCM_AddPlanarAngle (GCM_system gSys, GCM_geom gl, GCM_geom g2, GCM_geom axis, double dVal)
Set a driving planar angle between a pair of geometric objects.

GCM_AddSymmeric (GCM_system gSys, GCM_geom g1, GCM_geom g2, GCM_geom plane, GCM_alignment aVal=GCM_NO_ALIGNMENT)
GCM_AddLinearPattern (GCM_system gSys, GCM_geom g1, GCM_geom g2)
Create a linear pattern constraint.

GCM_AddAngularPattern (GCM_system gSys, GCM_geom g1, GCM_geom g2)

Create an angular pattern constraint.

GCM_AddGeomToPattern (GCM_system gSys, GCM_pattern ptrn, GCM_geom geom, double position, GCM_alignment aligh=GCM_NO_ALIGNMENT, GCM_scale
scale=GCM_RIGID)

Add geometric object to the pattern.

GCM_AddConstraint (GCM_system gSys, const GCM_c_record &cRec)
Set a constraint.
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YnyuuwleHo APl 3D-peluatens

GCM_geom GCM_SubGeom (GCM_system gSys, GCM_geom sol, const GCM_g_record &gRec)
Include a geometric sub-object to the subsystem of a solid (rigid cluster).

GCM_geom GCM_Parent (GCM_system gSys, GCM_geom subGeom)
Give a cluster (solid) in which a geometric object is included.
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[lobaBnieHa ckandpHaga nepemMeHHas
B cicTtemy 3D orpaHunyeHum

» O6BbEeKTbI C BapbMpyeMbIMN paguycamm
— OKPYHCHOCM®b, YUAUHOP, Mop, cpepa

* [1aTTepHbIl, INHEVHbIe YypaBHEHUS
» CpefHAAa TOUKa Ha ayre n oTpeske
* BaprmaHTbl KaCaHWA C OKPY>XXHOCTbHO 11 AYroun
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cnonb3oBaHMe ckangpHoW nepemMeHHoOM
Npu MacLLITabnpoBaHM NATTEPHOB
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XypHannpoBaHue API-BbI30OBOB

(C3D_Version 285212679)

(GCM_AddGeom (GCM LCS (0.0 0.0 0.0) (0.0 0.0 1.0) (1.0 0.0 0.0) (0.0 1.0 0.9)) #1)
|(6CM_AddGeom (GCM_LCS (0.0 0.0 ©.0) (0.0 0.0 1.09) (1.0 0.0 0.0) (0.0 1.0 8.0)) #3)
(GCM_AddGeom (GCM LCS (0.0 0.0 0.0) (0.0 0.0 1.0) (1.0 0.0 0.0) (0.0 1.0 0.9)) #4)
(GCM_SubGeom (#1 (GCM_LINE (0.0 0.0 0.0) (0.0 0.0 1.0))) #5)

(GCM_SubGeom (#1 (GCM_PLANE (0.0 0.0 0.0) (0.0 0.0 1.0))) #7)

(GCM_SubGeom (#3 (GCM_POINT ©.0 100.0 0.0)) #8)

(GCM_SubGeom (#4 (GCM_LINE (0.0 0.0 0.0) (0.0 0.0 1.0))) #10)

(GCM_SubGeom (#4 (GCM_POINT ©.0 0.0 0.0)) #11)

(GCM_SubGeom (#2 (GCM_LINE (0.0 0.0 0.0) (0.0 1.0 0.0))) #13)

(GCM_AddConstraint (GCM_CONCENTRIC #5 #10 GCM_COORIENTED) #14)

(GCM_AddConstraint (GCM_COINCIDENT #7 #11 GCM_COORIENTED) #15)

(GCM_AddConstraint (GCM_DISTANCE #7 #8 10.0 GCM_CLOSEST) #16)

(GCM_AddConstraint (GCM_CONCENTRIC #6 #9 GCM_CLOSEST) #17)

(GCM_AddConstraint (GCM_PARALLEL #5 #9 GCM_COORIENTED) #18)

(GCM_AddConstraint (GCM_COINCIDENT #8 #13 GCM_CLOSEST) #19)

(GCM_Evaluate GCM_RESULT_Ok)
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PykoBoACTBO pa3paboTymka

5.1.7. Reprezentation of geometric objects

Ceometric constraint solver works with & certzin geomstric object representation form shown in
Flig 517 All objects are exprassed using point, vector and mumber coordinstes (scalars).

POINT

Xy e

)

BOUNDED CURVE

CIRCLE

Centre q
End point
——Begin poist

B:sm curve

ELLIPSE

Major radius
Centre’

Minor mdius

PARAMETRIC CURVE

Az

The application can have its own representation of gsometric objects that differs fom solver
representation Howevar, passing abject stanis data in the solver and passing the caleulation results back
are based on the fact that each Zeometry fype has its rapresentation:

+ A point is represemed by a pair of Canesian coordingtes <X ¥>.

+  Aline is defined by its position point and a normal vector. It is assumed that 2 curve bas 2 ziding
vecter equal to the normal vectar Totated 90 degrees clociwize, In other words, the nomnal Witk
<¥,—X> coordinates will correspond to tha Fuiding vectr with <I,¥> coordiatss

+ Acircle is defined by its canter point and a radius. At this moment, radius ca: be 2 positive non-
Zero nomber oaly.

+  An ellipse it dafined by fis cenwal point, radii slong the major and minor cemi-axe: and tae
suiding vector of the main semi-axis. Ellipse parameters are also defined by @ pericdic parameser
ranging Fom 0 to 21 nrving the ellipse cowntarclociavise along its stating poin: at tae main
semignis.

+ A paramerric curve is passed to the solvar as MbCuve class. Such curve s comsiderad 1 be
fixed, and the calcnlations sssociated with ths curve are based on the following virtual fmctions:
MoCurve: PointCn, MuC Der and MbC dDer, that rem,
the first poimt o tha curve basad ox the parametar, tha first or the sscond derivatives in the pome

Pazametric curves are describad in move detail in Ttem 3.5.2 General form of parametric curves

hould create MbOurve inssance in ander u
bascd an simple wscr-implemeicd functioms
ol cutcen inhesiors foc o MO

can
ted i future relesses. U300 core

+ A spline uses MURES repressmstion basad on & List of conwol poiar. Wark with splines i
describad in more desail in Chapter 3.5. 2D SPLINES AND DAR AMETEIC CURVES

A bounded curve iz a curve portion limited by end poimts on both sides. It is defined by dwes
alaments: 2 baza curve, Curve portion starnt point and curve parion and poins.

3.1.8. Degree of freedom

Every gzometry type has a degree of freedom equal to the miviaum member of coordinates
raquirad 1o datenmine the sate of the gaomemic objact. For exsmple, the dagree of Seadom is 2 for a 1D
point. For s circle the degres of Feedom is 3, = it is complately defined by three paramsters <X ¥Rz,
‘namely, canter coordinstes end radins. According to Trem 3.1.7. shnels]eprﬂznﬂadb‘apmmunpmm
and 2 normal vector. This presentation s comvemient, but it it redundant; minim safficient

prasemtstion can be 2 pair of values, such a5 offeet value and slope angle, seﬁuralmemedzaeec(
freadom is 2. For an ellipze. medggmufﬁmﬂmmmewphngmzamafﬁmﬂmumumm
dagrees of freadom of its contral points. A parametric curve is completely determined on the application
side, Le. its dezree of Feedom is 2ero. Table S.1.3. lists the deprees of freedom for all types supported by
the solver.

Table 5.1.8. Degvees of feedom for geometic objects

Gaomeny npe Dagree of frazdom

Poit 1

Line B

Circle 3

Ellipze 5

Spline 2 - Youmber of coaol points

Paameric curve 0

Eounded cuve 1= Dagree of feedom of the hasz cure

Every geometric ohjact included in the system adds & mumber of its degrees of fesdom 1o the
overall de;m of fraedom for the sketch. From the other side, svery added consnaint takes away one of
more dagrees of fresdom. To define the state of ll shetch geamatric objscts, 1t is required to 2dd some
‘mumibar of constrains that take away all degrees of Fesdom for the object

Most constraicts take away cne degres of fresdom. These are constaits lke parallelima,
ity, horizortality'verticality, squality of radii, equality of lensthe, 2 poit on curve,
tznzency, and most dimensional constraints Other constaints take away o dezraes of Feedom: middle
paint, collinearity, symmetry, and bisactor.
It can be said that the task of paramerric drawing is to completely datenmine geomerric objects it
the sketch The number of ZeQMEMiC ConStramss required to completely detenmine te sketch i fe
of degtess of freedam of all the sketch objects.
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C3D Solver ansa JavaScript

TpaHcnaumsa koga C++ B JS Koz

var circle = new c3dlib.GCE_circle();
circle.set_centre(circle_center); circle.set_radius(1.2);
var circlel_geom = c¢3d_solver_api.GCE_AddCircle(c3d_solver, circle);

// Create tangent of line with the circlel
var geoms = [line_geom, circlel_geom];

1 var pars = [-1, -1];
( ang var tangent = c¢3d_solver_api.GCE_AddTangent(c3d_solver, geoms, pars);

\

LLVM

COMPILER
INFRASTRUCTURE
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C3D Solver ansa JavaScript

HaTBHOe ncnonb3oBaHme C++ API B JavaScript

Hy>xHO co3paaTb {06€épTKy} API
- Kak amo cdeaname?

Aeknapupyem API, KOTOPbIN XOTVIM 0BepHYTb,
B cneyvanbHoM IDL panne. C MOMOLLbHO
WebIDL-Binder reHepripyeM «CK/1e/iBatoLLNIN»

KOJ, KOTOPbIV 3aTeM KOMMUANPYEM BMECTe CO
BCEM MPOEKTOM.
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C3D Solver gnsa JavaScript

Kak aTo paboTtaet?

rint sketch JSON | Parse sketch JSON | Solve sketch | Remove Selected | Join By Points Shake sketch | Add point | Print sketch JSON | Parse sketch JSON | Solve sketch | Remove Selected | Join By Points
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MnaHbl Ha byayLlee
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MnaHbl HA byayLlee

TpaHcnauma cnaamHoB (KoHTeHepoB STL) B JavaScript

pt Bezier

pt Polyline

pt_Nurbs pt_CubicSpline

4 )
Komnunaumsa C3D Solver . W\
B WebAssembly
L WEBASSEMBLYJ
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AnekcaHap AnaxBepasiHy, Apkaanm KamHeB

PaspaboTumk C3D Solver MeHezyKep No MapKeTuHry
alahverdyanc@ascon.ru kamnev@c3dlabs.com
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C3D Solver ansa JavaScript

[TpMmepbl KHUT-TECTOB

5 tests from GCM_Samples
GCM_Samples.SimpleAPITest
GCM_Samples.SimpleAPITest (9 ms)
GCM_Samples.PrismTest
GCM_Samples.PrismTest (8@ ms)
GCM_Samples.3DAngleTest
GCM_Samples.3DAngleTest (32 ms)
GCM_Samples.PistonEngine
GCM_Samples.PistonkEngine (79 ms)
GCM_Samples.RadiusTest
GCM_Samples.RadiusTest (6 ms)

5 tests from GCM_Samples (207 ms total)
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o
o

s

]
]
]
]
]
]
OK ]
]
]
]
]
]
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C3D Solver ansa JavaScript

[MTpnmepbl WeblIDL-koaa

enum coord_name

interface GCE_ldim_pars {
{ "GCE_X",
GCE_ldim_pars GCE_ldim_pars(); gEE_ICF{D
[Value] attribute GCE_dim_pars dPars; ,,GCE—DCRD,,’
attribute double dirAngle; "GCE RADIUS™
attribute geom_item [] hp; "GCE_MAJOR_RADIUS",
void set_hp_arr(geom_item [] hp); "GCE_MINOR_RADIUS",
}; "GCE_NULL_CRD"
s

interface gce_api
{
gce_api gce_api();
static constraint_item GCE_AddPointOnPercent(GCE_system gSys, geom_item curve, geom_item [] pnt, double k);
static geom_item GCE_AddCircle(GCE_system gSys, [Ref, Const] GCE_circle cVal);
static boolean GCE_RemoveConstraint(GCE_system gSys, constraint_item con);
static GCE_system GCE_CreateSystem();
static GCE_system GCE_CreateSystem(VoidPtr argl);
static double GCE_DimensionParameter(GCE_system gSys, constraint_item dItem);
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