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CMSR_m_alloc_heap_field_2d 
CMSR_m_alloc_heap_field_3d 

Allocate a 2D (3D) matrix field in the heap memory space and return its Paris field ID. 

SYNTAX 

CSyntax 

'include <cm/cmsr.h> 

CM_field_id_t 
CMSR _ m _ alloc _heap_field _ 2d (signif_Ien, exp _len) 

unsigned int signif_Ien, exp _len; 

CM field id t - --
CMSR_m_alloc_heap_field_3d (signif_Ien, exp_Ien) 

unsigned int signif_Ien, exp _len; 

Fortran Syntax 

INCLUDE '/usr/include/cm/cmsr-math-fort.h' 

INTEGERFUNCTIONCMSR_M_ALLOC_BEAP_FIELD_2D 
, (signif_Ien, exp _len) 

, 

INTEGER signif_Ien, exp _len 

INTEGER FUNCTION CMSR M ALLOC HEAP FIELD 3D 
(signiLlen, exp _len) 

INTEGER signif_Ien, exp _len 

Lisp Syntax 

248 

CMSR:m-alloc-heap-field-2d (signif-len exp-ien) 

CMSR:m-alloc-heap-field-3d (signif-len exp-Ien) 
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CMSR_m_8I1oc_heap_field_2d 
CMSR_m_8I1oc_heap_field_3d 
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ARGUMENTS 

signifJen 

DESCRIPTION 

The length, in bits, of the significand of the floating-point values 
to be stored in the returned field 

The length, in bits, of the exponent of the floating-point values to 
be stored in the returned field. 

alSR_m_alloc_heap_field_2d and alSR_m_alloc_heap_field_3d allocate a 
matrix in the heap memory space and return its Paris field ID. 

A matrix field is organized to contain a square homogeneous transformation matrix 
stored in row-major order. Each element of the matrix is a floating-point value having a 
length of (signif_len + exp _len + 1), where signifJen is the length of the significand, 
exp _len is the length of the exponent, and 1 is the sign bit. 

alSlLDLalloc_heap_field_2d allocates a field for a 3 x 3 matrix. The length of 
the entire field is ( 3 '* 3) * (signif_len + exp _len + 1). 

alSR m alloc heap field 3d allocates a field for a 4 x 4 matrix. The length of -- - - -
the entire field is ( 4 * 4) * (signif_len + exp _len + 1). 
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CMSR_m_alloc_stack_field_2d 
CMSR_m_alloc_stack_field_3d 

Allocates a 2D (3D) matrix field on the stack memory space and ~tum its Paris field ID. 

SYNTAX 

C Syntax 

'include <cm/cmsr.h> 

aLfield_id_ t 
CMSR_m_alloc_stack_field_2d (signiLlen. exp_Ien) 

unsigned int signifJen. exp _len; 

CM_field_id_t 
CMSR_m_alloc_stack_field_3d (signifJen. exp_Ien) 

unsigned int signifJen. exp _len; 

Fortran Syntax 

INCLUDB '/usr/include/cm/cmsr-math-fort.h' 

IN'l'EGBR FONC'l'ION CMSR_ II _ALLOC _ S'l'ACK_FIBLD _ 2D 
, (signi/jen. exp _len) 

IN'l'EGBR signif_Ien. exp _len 

IN'l'EGBR FONC'l'ION CMSR II ALLOC S'l'ACK FIBLD _3D 
, (signifJen. exp_len) 

IN'l'EGBR signifJen, exp _len 

Lisp Syntax 

250 

CMSR:m-alloc-st&ck-field-2d (signif-1en exp-len) 

CMSR:~alloc-stack-field-3d (signif-kn eqr4en) 
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CMSR_m_81Ioc_stack_fleld_2d 
CMSR_m_8I1oc_st8ck_field_3d 
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ARGUMENTS 

signiLlen The length, in bits, of the significand of the floating-point values 
to be stored in the returned field. 

The length, in bits, of the exponent of the floating-point values to 
be stored in the returned field. 

DESCRIPTION 

CMSR m alloc stack field 2d and CMSR m alloc stack field 3d allo-- - - -- - - -
cate a matrix on the stack and return its Paris field ID. 

A matrix field is organized to contain a square homogeneous transformation matrix 
stored in row-major order. Each element of the matrix is a floating-point value having a 
length of (signif_len + exp _len + 1), where signifJen is the length of the significand, 
exp _len is the length of the exponent, and 1 is the sign bit. 

CMSR m alloc stack field 2d allocates a field for a 3 x 3 matrix. The length of -- - - -
the entire field is (3 * 3) * (signif_len + exp_len + 1). 

CMSR m alloc stack field 3d allocates a field for a 4 x 4 matrix. The length of -- - - -
the entire field is ( 4 * 4) * (signif_len + exp _len + 1). 
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CMSR_m_copy_2d 
CMSR_m_copy_3d 

Copies one 2D (3D) matrix field to another. 

SYNTAX 

C Syntax 

'include <cm/cmsr.b> 

void 
CMSR.-m_ copy _ 2d (dest _matrix ..field, src _matrix ..field, signif_Ien, exp _len) 

eM_field _ id _ t desC matrix ..field, src _matrix ..field; 
unsigned int signif_Ien, exp _len; 

void 
CMSR _ m _copy_3d (dest _matrix ..field, src _matrix ..field, signif_Ien, exp _len) 

eM_field _ id _ t dest _matrix ..field, src _matrix ..field; 
unsigned int signif_Ien, exp _len; 

Fortran Syntax 

, 
INCLUDE '/usr/include/cm/cmsr-math-fort.h' 

SO'BROO'l'IHE CMSR_M _COpy _ 2D 
(desCmatrix..field, src_matrix..field, signif_Ien, exp_len) 

IHTEGER desC matrix ..field, src _matrix ..field, signif_len, exp _len 

SO'BROO'l'IHE CMSR M COPY 3D -- -
, (dest _matrix ..field, src _matrix ..field, signif_Ien, exp _len) 

IHTEGER dest _matrix ..field, src _matrix ..field, signifJen, exp _len 

Lisp Syntax 
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CMSR:m-copy-2d (dest-matrix-field src-matrix-field 
'optional (signif-len 23) (exp-Ien 8» 

CMSR:m-copy-3d (dest-matrix-field src-matrix-field 
'optional (signif-len 23) (exp-len 8» 
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CMSR_m_copy_2d 
CMSR_m_copy_3d 
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ARGUMENTS 

dest _matrix ..field A Paris field identifier specifying the matrix field in CM memory 
into which the src _matrix ..field is to be copied. dest _matrix ..field 
must be in the same VP set as src _matrix ..field. 

src _matrix ..field A Paris field indentifier specifying the matrix field in CM memory 
to be copied into dest _matrix ..field. src _matrix ..field must be in 
the same VP set as desC matrix ..field. 

signif_len 

DESCRIPTION 

For CMSR_m_copy_2d these matrix fields contain a 3 x 3 
homogeneous transformation matrix stored in row-major order. 
Each element of the matrix is a floating-point value having a 
length of (signifJen + exp _len + 1), where signif_len is the length 
of the significand, exp jen is the length of the exponent, and 1 is 
the sign bit. The length of the entire field is (3 * 3) * (signif_len 
+ exp_len + 1). 

For CMSR_m_copy_3d these matrix fields contain a 4 x 4 
homogeneous transformation matrix stored in row-major order. 
Each element of the matrix is a floating-point value having a 
length of (signif_len + exp _len + 1), where signif_len is the length 
of the significand, exp _len is the length of the exponent, and 1 is 
the sign bit. The length of the entire field is (4 * 4) * (signif_len 
+ exp_len + 1). 

The length, in bits, of the significand of the floating-point values 
in dest _matrix ..field and src _matrix ..field. 

The length, in bits, of the exponent of the floating-point values in 
dest _matrix ..field and src _ matrix..field. 

For each active processor in the current VP set, CMSR_m_copy_2d and CMSR_m_ 
copy_3d copy src _matrix ..field to dest _matrix ..field. Both fields must be in the cur­
rent VP set. 
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CMSR_m_copy _ const_2d 
CMSR_m_copy _const_3d 

Broadcasts a front-end 2D (3D) matrix into a eM matrix field. 

SYNTAX 

CSyntax 

'include <am/cmsr.h> 

void 
CMSR~_copy_const_2d 

(dest_matrix.field, sTC_matrix, signif_len, exp_len) 

eM_field _ id _ t dest _matrix .field; 
double STC _matrix [3] [3] ; 

unsiqned int signif_len, exp _len; 

void 
CMSR_m_copy_const_3d 

(desCmatrix.field, sTC_matrix, signif_len, exp_len) 

eM_field_id_t dest_matrix.field; 
double sTC_matrix[4] [4]; 
unsiqned int signif_len, exp _len; 

Fortran Syntax 

" 

INCLUDE '/usr/include/cm/cmsr-math-fort.h' 

SUBROUTINE CMSR M COPY CONS': 2D -- - -

IN'rEGER 

DOUBLE PUCISION 
IN'rEGER 

(dest_matrix.field, sTC_matrix, signif_len, exp_len) 

dest _matrix .field 
sTC_matrix(3,3) 
signif_len, exp _len 

SUBROUTINE CMSR _M_ COPY_CONS': _ 3D 

" (dest_matrix.field, sTC_matrix, signif_len, exp_len) 

IN'rEGER dest _matrix .field 
DOtJBLE PUCISION sTC_matrix(4,4) 
IN'rEGER signif_len, exp _len 
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Lisp Syntax 

CMSR:m-copy-const-2d (dest-matrix-field src-matrix 
&optional (signif-len 23) (exp-len 8» 

CMSR:m-copy-const-3d (dest-matrix-field src-matrix 
&optional (signif-len 23) (exp-len 8» 

ARGUMENTS 

dest _matrix .field A Paris field identifier specifying the matrix field in eM memory 
into which the src _matrix is to be copied. Each element of the 
matrix is a floating-point value having a length of (signif_len + 
exp _len + I)>> where signif_len is the length of the significand» 
exp _len is the length of the exponent» and 1 is the sign bit. 

signif_len 

expJen 

DESCRIPTION 

For CMSR_llLcopy_2d this matrix field contains a 3 x 3 homoge­
neous transformation matrix stored in row-major order. The 
length of the entire field is (3 * 3) * (signif_len + exp_len + 1). 

For CMSR_m_copy_3d this matrix field contains a 4 x 4 homoge­
neous transformation matrix stored in row-major order. The 
length of the entire field is (4 * 4) * (signif_len + exp _len + 1). 

A two-dimensional front-end array containing the matrix of 
floating-point values to be broadcast to dest_matrix.field. 

For CMSR_m_copy_2d» src_matrix is a 3 x 3 array. 

For CMSR _ m _ copy_3d» src _matrix is a 4 x 4 array. 

The length, in bits» of the significand of the floating-point values 
in desC matrix .field. 

The length» in bits» of the exponent of the floating-point values in 
dest _matrix .field. 

CMSR _ m _ copy_ const_ 2d and CMSR _ m _ copy_ const _ 3d copy the front-end matrix 
src _matrix into dest _matrix .field in each active processor in the current VP set. 
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CMSR m determinant 2d - - -
CMSR m determinant 3d - - -
Calculates the determinant of each 2D (3D) matrix stored in a matrix field. 

SYNTAX 

C Syntax 

'include <cm/cmsr.h> 

void 
CMSR -l'l_ determinant _ 2d (determ Jield, matrix Jield, signifJen, exp _len) 

void 
CMSR m determinant 3d (determJield, matrixJield, signif_len, exp_len) 

eM _:field _ id _ t determ Jield, matrix Jield; 
unsigned int signifJen, exp _len; 

Fortran Syntax 

INCLUDE '/usr/include/cm/cmsr-math-fort.h' 

SOBROt1'l'INE CMSR M DETERMINAN'l' 2D -- -, (determJield, matrixJield, signif_len, exp_len) 

SOBROt1'l'INE CMSR M DETERMINANT 3D -- -
, (determJield, matrixJield, signif}en, exp_len) 

INTEGER determ Jield, matrix Jield 
INTEGER signifjen, exp _len 

LIsp Syntax 

CMSR: m-determinant-2d (determ-field, matrix-field 
'optional (signif-len 23) (exp-len 8» 

CMSR: m-determinant-3d (determ-field, matrix-field 
'optional (signif-len 23) (exp-len 8» 
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ARGUMENTS 

determ Jield 

matrix Jield 

signif)en 

DESCRIPTION 

A Paris field identifier specifying the field in CM memory into 
which the matrix determinant is to be stored. The length of the 
field is (signif)en + exp _len + 1) bits, where signif)en is the 
length of the significand, exp _len is the length of the exponent, 
and I is the sign bit. 

A Paris field identifier specifying the matrix field in CM memory 
containing the matrices for which the determinant is to be 
calculated. Each element of the matrix is a floating-point value 
having a length of (signif)en + exp _len + 1), where signiLlen is 
the length of the significand, exp _len is the length of the exponent, 
and I is the sign bit. 

For CMSR m determinant 2d this matrix field contains a 3 x 3 -- -
homogeneous transformation matrix stored in row-major order. 
The length of the entire field is 9 * (signif_len + exp jen + 1). 

For CMSR m determinant 3d this matrix field contains a 4 x 4 -- -
homogeneous transformation matrix stored in row-major order. 
The length of the entire field is 16 * (signif_len + exp_len + 1). 

The hmgth, in bits, of the significand of the floating-point values 
in determ Jield and matrix Jield. 

The length, in bits, of the exponent of the floating-point values in 
determ Jield and matrix Jield. 

For each active processor in the current VP set, CMSR_m_determinant_2d and 
CIISR m determinant 3d calculate the determinant of the matrix stored in - - -
matrix Jield and place it in determ Jield. 
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CMSR_m_field_length 

Returns the length of a matrix field of a specified rank. 

SYNTAX 
CSyntax 

'include <cm/cmsr.h> 

int 
CMSR_m_field_length (rank, signifJen. exp_len) 

int rank; 
unsigned int signifJen; 
unsigned int exp _len; 

Fortran Syntax 

IN'l'EGER FONC'l'ION CMSILM_I'IELD_LENG'l'B (rank signifJen exp_len) 

IN'l'EGER rank; 
IN'l'EGER signifJen; 
IN'l'EGER exp _len; 

Lisp Syntax 

CMSR:m-field-length (rank &optional (signif-len 23) (exp-len 8» 

ARGUMENTS 

rank 

signif_len 

258 

The number of dimensions in the matrix. for which the field is 
allocated. 

The length, in bits, of the significand of the floating-point values 
in the field. 

The length, in bits, of the exponent of the floating-point values in 
the field. 
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DESCRIPTION 

CMSR _ m _field _length returns the length, in bits, of the Paris field that must be allo­
cated to hold a matrix of (1 + rank) elements square. 

SEE ALSO 
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CMSR_m_invert_2d 
CMSR_m_invert_3d 

Calculates the inverse of each 2D (3D) matrix in the matrix field 

SYNTAX 

C Syntax 

linclude <cm/cmsr.h> 

void 
CMSR m invert 2d -- -

(desC matrix ..field, src _matrix ..field, signifJen, exp _len) 
, 

void 
CMSR m invert 3d -- -

(desCmatrix..field, src_matrix..field, signifJen, exp_len) 

CM_field_id_t dest_matrix..field, src_matrix..field; 
unsigned int signif_len, exp _len; 

Fortran Syntax 

INCLUDE '/usr/include/cm/cmsr-math-fort.h' 

SOBROtJ'lID CMSR_M_INVBR'l'_2D 
, (descmatrix ..field, src _matrix ..field, signif_len, exp _len) 

SOBROtJ'lID CMSR_M_INVBR'l'_3D 
, (dest_matrix..field, src_matrix..field, signif_len, exp_len) 

IN'l'EGER desC matrix ..field, src _matrix ..field; 
IN'l'EGER signif_len, exp _len; 

Lisp Syntax 

260 

CMSR: m-invert-2d (dest-matrix-field src-matrix-field 
'optional (signif-len 23) (exp-len 8» 

CMSR: m-invert-3d (dest-matrix-field src-matrix-field 
'optional (signif-len 23) (exp-len 8» 
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ARGUMENTS 

dest -,natrix .field A Paris field identifier specifying the matrix field in CM memory 
in which the inverted matrices are to be stored. desC matrix .field 
must be in the same VP set as src _matrix .field. 

src _matrix .field A Paris field indentifier specifying the matrix field in CM memory 
containing the matrices to be inverted. src _matrix .field must be in 
the same VP set as dest _matrix .field. 

signifJen 

DESCRIPTION 

Each element of the matrix is a floating-point value having a 
length of (signifJen + exp _len + 1), where signiLlen is the length 
of the significand, exp _len is the length of the exponent, and 1 is 
the sign bit. The length of the entire field is (4 * 4) * (signifJen 
+ exp_len + 1). 

For CMSR_m_copy_2d these matrix fields contain a 3 x 3 
homogeneous transformation matrix stored in row-major order. 
For CMSR_m_copy_3d these matrix fields contain a 4 x 4 
homogeneous transformation matrix stored in row-major order. 

The length, in bits, of the significand of the floating-point values 
in dest _matrix .field and src _matrix .field. 

The length, in bits, of the exponent of the floating-point values in 
dest _matrix .field and src _matrix .field. 

For each active processor in the current VP set, CMSR_m_invert_2d and 
CMSR _ m_ invert_3d calculate the inverse of src _matrix .field and store the result in 
dest _matrix .field. Both fields must be in the current VP set. dest _matrix .field may be 
the same field as src _matrix .field, or the fields may be totally disjoint. However, par­
tially overlapping fields cause unpredictable results. 

NOTE: If src _matrix .field in some processor is singular (that is, if the matrix determi­
nant is zero) the contents of dest _matrix .field for that processor are undefmed. 
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CMSR_m_multiply _2d 
CMSR_m_multiply_3d 

Multiplies two 2D (3D) matrices. 

SYNTAX 

CSyntax 

linclude <cm/cmsr.h> 

void 
CNSR.JD_multiply_2d 

*Render Reference Manual for Paris 
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(dest _matrix ..field, srcl_ matrix ..field, src2 _matrix ..field, 
signif)en., exp _len) 

void 
CNSR_m_MUltiply_3d 

eM_field_id_t 
eM field id t - --
eM field id t - --
unsigned int 
unsigned int 

Fortran Syntax 

(dest _matrix ..field, srcl_ matrix .field, src2 _matrix ..field, 
signif_len, exp _len) 

dest _matrix ..field; 
srcl_ matrix ..field; 
src2 _matrix .field; 
signif_len; 
exp_len; 

INCLUDE '/usr/include/cm/cmsr-math-fort.h' 

SOBROtJ'l'INE CNSR M MULTIPLY 2D -- -, (desC matrix .field, srcl_ matrix .field, src2 _matrix .field, signif_len, exp _len) 

SOBROtJ'l'INE CNSR M MULTIPLY 3D -- -
, (dest _matrix .field, srcl_ matrix .field, src2 _matrix .field, signif_len, exp _len) 

INTEGER dest _matrix .field 
INTEGER srcl_ matrix .field 
INTEGER src2 _matrix .field 
INTEGER signif_len 
INTEGER exp _len 
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Lisp Syntax 

CNSR: m-mul tiply-2d (dest-matrix-field srcl-matrix-field src2-matrix-field 
'optional (signif-Ien 23) (exp-Ien 8» 

CNSR: m-mul tiply-3d (dest-matrix-field srcl-matrix-field src2-matrix-field 
'optional (signif-Ien 23) (exp-Ien 8» 

ARGUMENTS 

desCmatrix.field A Paris field identifier specifying the field in CM memory into 
which the resulting 20 matrix is to be written. Each element of the 
matrix is a floating-point value having a length of (signif_Ien + 
exp _len + I), where signif_len is the length of the significand, 
exp _len is the length of the exponent, and 1 is the sign bit. 

The 20 matrix field contains a 3 x 3 homogeneous transformation 
matrix stored in row-major order. The length of the entire field is 
9 * (signif_Ien + exp_len + I). 

The 30 matrix field contains a 4 x 4 homogeneous transformation 
matrix stored in row-major order. The length of the entire field is 
16 * (signif_len + exp _len + I). 

dest _matrix .field must be in the same VP set as srcl_ matrix .field 
and src2 _matrix .field. 

srcl_ matrix Jield, src2 _matrix Jield 

Version 2.0, November 1991 

Paris field indentifiers specifying the fields in CM memory 
containing the 20 matrices to be multiplied. Each element of the 
matrix is a floating-point value having a length of (signif_Ien + 
exp _len + I), where signif_Ien is the length of the significand, 
exp _len is the length of the exponent, and 1 is the sign bit. 

The 20 matrix field contains a 3 x 3 homogeneous transformation 
matrix stored in row-major order. The length of the entire field is 
9 * (signif_len + exp_len + I). 
The 30 matrix field contains a 4 x 4 homogeneous transformation 
matrix stored in row-major order. The length of the entire field is 
16 * (signif_Ien + exp_Ien + I). 

srcl_matrixJield and src2_matrix.field must be in the same VP 
set as desC matrix .field. 
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aigniLlen The length, in bits, of the significand of the floating-point 'lalues 
in dest _matrix .field, arc1_ matrix .field, and arc2 _matrix .field. 

The length, in bits, of the exponent of the floating-point values in 
deat _matrix .field, arc1_ matrix .field, and arc2 _matrix .field. 

DESCRIPTION 

For each active processor, CMSR_m_multiply_2d and CMSR_m_multiply_3d 
calculate the product of the two matrices (arc_matrix .field j * arc_matrix .field _2) 
and write the result in dest _matrix .field. 

All fields must be in the current VP set. The dest _matrix .field and arc_matrix .field_1 
may be the same field or totally disjoint fields, but the fields must not overlap. Partial 
overlap may cause unpredictable results. 

SEE ALSO 

264 

CNSR_m_multiply_const_2d 

CMSR_m_multiply_const_3d 

CMSR_fe_m_multiply_2d 

CNSR_fe_m_multiply_3d 
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CMSR_m_multiply _ const_2d 
CMSR_m_multiply_const_3d 

Multiplies a single 20 (3D) matrix with a 20 (3D) matrix field. 

SYNTAX 

C Syntax 

'include <cm/cmsr.h> 

void 
CMSR_m_multiply_const_2d 

(dest _matrix Jield, src _matrix Jield, matrix, signif_len exp _len) 

CM field id t - --
double 
unsigned int 

dest _matrix Jield , src _matrix Jield i 
matrix[3] [3] i 

signif_len, exp _len i 

void 
CMSR_DLmultiply_const_3d 

(desC matrix Jield, src _matrix Jield, matrix, signif_len exp _len) 

CM field id t - --
double 
unsigned int 

Fortran Syntax 

desC matrix Jield, src _matrix Jield i 
matrix[4] [4] i 

signif_len, exp _len; 

INCLUDE '/usr/include/cm/cmsr-math-fort.h' 

CMSR M MULTIPLY CONST 2D -- --
(dest _matrix Jield, src _matrix Jield, matrix, signif_len, exp _len) 

IN'l'BGER dest _matrix Jield , src _matrix Jield 
DOUBLE PRECISION matrix (3) (3) 
IN'l'BGER 

CMSR M MULTIPLY CONST 3D -- --
(descmatrixJield, src_matrixJield, matrix, signif_len exp_len) 

IN'l'BGER 

DOUBLE PRECISION 
IN'l'BGER 

Version 2.0, November 1991 

dest _matrix Jield , src _matrix Jield 
matrix (4) (4) 

signif_len, exp _len 
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Lisp Syntax 

CMSR: m-mul tiply-const-2d (dest-matrix-field src-matrix-field matrix 
'optional (signif-Ien 23) (exp-len 8» 

CMSR: m-mul tiply-const-3d (dest-matrix-field src-matrix-field matrix 
'optional (signif-Ien 23) (exp-len 8» 

ARGUMENTS 

266 

dest _matrix Jield A Paris field identifier specifying the field in CM memory to 
which the result is written. dest _matrix Jield must be in the same 
VP set as src_matrix.field. Each element of the matrix is a 
floating-point value having a length of (signif_len + exp _len + 1), 
where signif_len is the length of the significand, exp _len is the 
length of the exponent, and 1 is the sign bit. 

The 2D matrix field contains a 3 x 3 homogeneous transformation 
matrix stored in row-major order. The length of the entire field is 
9 * (signif_len + exp _len + 1). 

The 3D matrix field contains a 4 x 4 homogeneous transformation 
matrix stored in row-major order. The length of the entire field is 
16 * (signif_len + exp _len + 1). 

src _matrix Jield A Paris field identifier specifying the field in CM memory from 
which the matrix to be transformed is taken. Each element of the 
matrix is a floating-point value having a length of (signif_Ien + 
exp _len + 1), where signif Jen is the length of the significand, 
exp _len is the length of the exponent, and 1 is the sign bit. 

matrix 

signifJen 

The 2D matrix field contains a 3 x 3 homogeneous transformation 
matrix stored in row-major order. The length of the entire field is 
9 * (signif_len + exp_Ien + 1). 

The 3D matrix field contains a 4 x 4 homogeneous transformation 
matrix stored in row-major order. The length of the entire field is 
16 * (signif_len + exp_len + 1). 

A 3 x 3 homogeneous transformation matrix stored on the 
front-end computer in row-major order. Each element of the 
matrix is a double-precision floating-point value. 

The length, in bits, of the significand of the floating-point values 
in src _matrix Jield and desCmatrix Jield. 
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The length, in bits, of the exponent of the floating-point values in 
S7C _matrix .field and dest _matrix .field. 

DESCRIPTION 

CMSR_m_multiply_const_2d and CMSR_m_Dlultiply_const_3d multiply the 
transformation matrix matrix with the matrix in each active processor in S7C _matrix_ 
field and store the result in dest _matrix .field. 

All fields must be in the current VP set. The dest _matrix .field may be the same field as 
s7C_matrix.field. or the fields may be totally disjoint. However, partially overlapping 
fields cause unpredictable results. 

SEE ALSO 

CMSR_m-lllultiply_2d 

CMSR_m_multiply-3d 

CMSR_fe_m_multiply_2d 

CMSR_fe_m_multiply_3d 
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CMSR_m_print_2d 
CMSR_m_print_3d 

Prints on stdout the contents of 20 (3D) matrix in a given processor. 

SYNTAX 

C Syntax 

'include <am/cmsr.h> 

void 
CMSR_m"'print_2d (processor, 

void 
CMSR_m"'print_3d (processor, 

src _matrix .field, 

src _matrix .field, 

unsigned int processor; 
eM_field _ id _ t src _matrix .field; 
unsigned int signif_len, exp _len; 

Fortran Syntax 

INCLUDB '/usr/includa/am/cmsr-math-fort.h' 

SOBROO'rINB CMSR M PRINT 2D -- -

signif)en. 

signif_len. 

exp_Ien) 

exp_len) 

, (processor, src _matrix .field, signif_len. exp _len) 

SOBROO'rINB CMSR M PRINT 3D -- -, (processor, src _matrix .field, signif_len. exp _len) 

IN'lBGBR processor 
IN'lBGBR src _matrix .field 
IN'lBGBR signif_len, exp _len 

Lisp Syntax 

CMSR:m-print-2d (processor src-matrix-field 
'optional (signif-len 23) (exp-len 8» 

CMSR: m-print-3d (processor src-matrix-field 
'optional (signif-Ien 23) (exp-len 8» 
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I 

ARGUMENTS 

processor The send address of the processor from which you wish to print 
the matrix. 

src _matrix Jield A Paris field identifier specifying the matrix field in eM memory 
containing the matrix to be copied. 

signif_len 

DESCRIPTION 

For CMSR_m_copy_2d this matrix field contains a 3 x 3 homoge­
neous transformation matrix stored in row-major order. 

For CMSR_m_copy_3d this matrix field contains a 4 x 4 homoge­
neous transformation matrix stored in row-major order. 

Each element of the matrix is a floating-point value having a 
length of (signif_len + exp _len + 1), where signif_len is the length 
of the significand, exp _len is the length of the exponent, and 1 is 
the sign bit. The length of the entire field is (4 ... 4) * (signif_len 
+ exp_len + 1). 

The length, in bits, of the significand of the floating-point values 
in src _matrix Jield. 

The length, in bits, of the exponent of the floating-point values in 
src _matrix Jield. 

CMSR_m.J>rint_2d and CMSR_m.J>rint_3d print on stdout the double-precision 
floating-point contents of src_matrixJield in the given processor. 

The matrix elements are printed one row per line, separated by spaces, and followed by 
a carriage return. 
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CMSR_m_read_from_processor_2d 
CMSR_m_read_from_processor _3d 

Reads a 2D (3D) matrix field from a specified processor into a front-~d array. 

SYNTAX 

CSyntax 

'include <cm/cmsr.h> 

void 
CMSR_m_read_from-processor_2d 

(processor, src _matrix ..field, desC matrix, signifJen , exp _len) 

unsigned int 
CN_field_id_t 
double 
unsigned int 

processor; 
src _matrix ...field; 
dest_matrix[3] [3] ; 

signif_len, exp _len; 

void 
CMSR_DLread_from-processor_3d 

(processor, src _matrix ...field, desC matrix, signif_len . exp _len) 

unsigned int 
CN field id t - --
double 
unsigned int 

processor; 
src _matrix ...field; 
dest_matrix[4] [4] ; 

signif_len, exp _len; 

Fortran Syntax 

, 

270 

INCLUDE '/usr/includa/cm/cmsr-math-fort.h' 

StJBROtrrINB CMSR M READ FROM PROCESSOR 2D -- - - -(processor, src _matrix ...field, dest _matrix, signif_len, exp _len) 

IHTBGBR processor 
IHTBGBR src _matrix ...field 
DOtJBLB PRECISION dest_matrix (3,3) 
IHTBGBR signiLlen 
IHTBGD. exp _len 
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SUBROUTINE CMSR II READ FROII PROCESSOR 3D - - -, (processor, src _matrix .field, dest _matrix, signif)en, exp _len) 

INTEGER processor 
INTEGER src _matrix .field 
DOUBLE PRECISION dest_matrix(4,4) 
INTEGER signif)en 
INTEGER exp _len 

Lisp Syntax 

CMSR:m-read-from-processor-2d 
(processor src-matrix-field 
'optional matrix (signif-len 23) (exp-len 8» 

CMSR:m-read-from-processor-3d 
(processor src-matrix-field 
'optional matrix (signif-len 23) (exp-len 8» 

ARGUMENTS 

processor The send address of the processor from which the matrix is to be 
read. 

src _matrix .field A Paris field indentifier specifying the field in processor from 
which the 3D matrix is to be read. 

The 2D matrix field contains a 3 x 3 homogeneous transformation 
matrix, and the 3D matrix field contains a 4 x 4 homogeneous 
transformation matrix. The elements of the matrix are stored in 
row-major order. Each element of the matrix is a floating-point 
value having a length of (signif_len + exp _len + 1), where 
signif)en is the length of the significand, exp jen is the length of 
the exponent, and 1 is the sign bit. The length of the entire field 
is 16 * (signif)en + exp_len + 1). 

dest matrix A 3 x 3 array for CMSR _ m _read_from yrocessor _ 2d and a 4 
x 4 array for CMSR _ m _read_from yrocessor _ 3d in which the 
matrix is to be returned. 

signif)en The length, in bits, of the significand of the floating-point values 
in src _matrix .field. 
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DESCRIPTION 

The length, in bits, of the exponent of the floating-point values in 
src _matrix ..field. 

. CMSR_m_read_from-processor_2d and CMSR_m_read_from-processor_3d 
read the contents of src ~ matrix ..field from the given processor and store the matrix 
elements in the front-end array dest _matrix. 

SEE ALSO 

272 

CMSR_m_write_to-processor_2d 

CMSR_m_write_to-processor_3d 
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CMSR_m_ref_2d 
CMSR_m_ref_3d 

Returns the field ID of a specified element of a 20 (3D) matrix. 

SYNTAX 

C Syntax 

'include <cm/cmsr.h> 

CM_field_id_t 
CMSR_m_ref_2d (matrix.field, row column, signifJen, exp_Ien) 

CM_field_id_t 
CMSR_m_ref_3d (matrix.field, row, column, signiLlen, exp_Ien) 

CM field id t matrix .field; - --
unsigned int row; 
unsigned int column; 
unsigned int signif_Ien; 
unsigned int exp_len; 

Fortran Syntax 

INCLUDE '/usr/include/cm/cmsr-math-fort.h' 

INTEGER FONCTION CMSR M REF 2D -- -
, (matrix.field, row, column, signif_len, exp_len) 

INTEGER FONCTION CMSR M REF 3D -- -
, (matrix.field, row, column, signif_len, exp_len) 

INTEGER matrix .field 
INTEGER row 
INTEGER column 
INTEGER signif_len 
INTEGER exp_len 
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Lisp Syntax 

OISR:m-ref-2d 

OISR:m-ref-3d 

ARGUMENTS 

matrix .field 

row 

column 

signif_len 

DESCRIPTION 

(matrix-field row column 
&optional (signif-len 23) (exp-len 8» 

(matrix-field row column 
&optional (signif-len 23) (exp-len 8» 

The Paris field ID of the matrix from which the matrix element 
specified by (row, column) is to be referenced. Each element of 
the matrix is a floating-point value having a length of (signif_len 
+ exp _len + 1), where signif_len is the length of the significand, 
exp _len is the length of the exponent, and 1 is the sign bit. 

OISR.]I1_ ref _2d references a 2D matrix field containing a 3 x 3 
homogeneous transformation matrix stored in row-major order. 
The length of the entire field is 9 * (signif_len + exp _len + 1). 

OISR _ m _ref_3d references a 3D matrix field containing a 4 x 4 
homogeneous transformation matrix stored in row-major order. 
The length of the entire field is 16 * (signif_len + elen + 1). 

The row position of the element to be returned. Matrices are stored 
in row-major order. 

The column position of the element to be returned. 

The length, in bits, of the significand of the floating-point values 
in the field. 

The length, in bits, of the exponent of the floating-point values in 
the field. 

CMSR m ref_2d and CMSR_m_ref_3d return the field ID for the subfield of 
matrix..field in which the element (row, column) is stored. 
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CMSR_m_write_to_processor_2d 
CMSR_m_write_to_processor_3d 
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Writes a 2D (3D) matrix from a front-end array into a matrix field on a specified processor. 

SYNTAX 

CSyntax 

'include <cm/cmsr.h> 

void 
CMSR_m_write_to-processor_2d 

(processor, dest _matrix Jield, src _matrix, signif_len, exp _len) 

unsigned int 
CM field id t - --
double 
unsigned int 

processor; 
dest _matrix Jield ; 
src_matrix[3] [3] ; 

signif_len, exp _len; 

void 
CMSR_~write_to-processor_3d 

(processor, dest _matrix Jield, src _matrix, signif_len, exp _len) 

unsigned int 
CM field id t - --
double 
unsigned int 

Fortran Syntax 

processor; 
dest _matrix Jield ; 
src_matrix [4] [4] ; 

signif_len, exp _len; 

INCLUDE '/usr/include/cm/cmsr-math-fort.h' 

SUBROUTINE CMSR H WRITE TO PROCESSOR 2D -- - - -
, (processor, dest _matrix Jield, src _matrix, signif_len, exp _len) 

INTEGER processor 
INTEGER dest _matrix Jield 
DOUBLE PRECISION src_matrix(3,3) 
INTEGER signif_len , exp _len 
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SOBROO'l'IHE CMSR M WRITE 'l'O PROCESSOR 3D -- - - -
, (processor descmatrix.field src_matrix signifJen exp_len) 

INTEGER processor 
INTEGER dest _matrix .field 
DOUBLE PRECISION src _matrix (4 ,4) 

INTEGER signifJen, exp _len 

Lisp Syntax 

CMSR: m-wri te-to-processor-2d (processor dest-matrix-field src-matrix 
(signif-len 23) (exp-Ien 8» 

CHSR: m-wri ta-to-processor-3d (processor dest-matrix-field src-matrix 
(signif-len 23) (exp-len 8» 

ARGUMENTS 

276 

processor The processor send address to which the matrix is to be sent. 

dest _ matrix..field A Paris field indentifier specifying the field in processor in which 
the src _matrix is to be stored. 

signif_len 

Each element of the matrix is a floating-point value having a 
length of (signif_len + exp _len + 1), where signif_len is the length 
of the significand, exp _len is the length of the exponent, and 1 is 
the sign bit. The elements are stored in row-major order. 

The 2D matrix field must be large enough for a 3 x 3 matrix; the 
length of the field must be at least 9 * (signif_len + exp_len + 1). 

The 3D matrix field must be large enough for a 4 x 4 matrix; the 
length of the field must be at least 16 * (signif_len + exp _len + 1). 

For CMSR_m_read_from"processor_2d a 3 x 3 array and for 
CHSR _ m _ read_from "processor_3d a 4 x 4 array, that is to 
be broadcast to dest _matrix ..field. 

The length, in bits, of the significand of the floating-point values 
in matrix .field. 

The length, in bits, of the exponent of the floating-point values in 
matrix .field. 
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DESCRIPTION 

1111111111111 

CMSR_m_wrlte_toJ)rocessoc2d 

CMSR_m_write_toJ)rocessor_3d 
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CNSR_m_read_from-processor_2d and CMSR_m_write_to-processor_3d 
place the contents of src _matrix in dest _ matrix-field on the specified processor. 

SEE ALSO 

CNSR_m_read_from-processor_2d 

CNSR_m_read_from-processor_3d 
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Inserts specified rotation into a 2D transformation matrix. field. 

SYNTAX 

CSyntax 

'include <cm/cmsr.h> 

void 
CMSR_rotation_const_m&trix_2d 

(dest_matrixJield, theta, signifJen, exp_Ien) 
elL field_ id _ t dest_matrixJield; 
double theta; 
unsigned int signifJen; 
unsigned int exp _len; 

Fortran Syntax 

INCLUDE '/usr/include/cm/cmsr-math-fort.h' 

SOBROtJ'l'INE CMSR ROTA'l'ION CONS'l' MA'l'RIX 2D - - - -
, (dest_matrixJield, theta, signifJen, exp_Ien) 

IN'l'EGER dest _matrix Jield 
DOUBLE PRECISION theta 
IN'l'EGER signifJen 
IN'l'EGER exp _len 

LIsp Syntax 

CMSR:rotation-const-matrix-2d 
(dest-matrix-field theta 
'optional (signif-Ien 23) (exJr-Ien 8)) 

ARGUMENTS 

278 

desC matrix Jield A Paris field identifier specifying the field in eM memory to 
which the 2D transformation matrix is to be returned. 

The 2D matrix. field contains a 3 x 3 homogeneous transformation 
matrix. stored in row-major order. Each element of the matrix. is a 
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floating-point value having a length of (signifJen + exp_len + 1), 
where signiLlen is the length of the significand, exp _len is the 
length of the exponent, and 1 is the sign bit. The length of the 
entire field is 9 * (signifJen + exp_len + 1). 

theta A double-precision value on the front-end computer. theta is the 
rotation in radians to be incorporated into the transformation 
matrix in dest _matrix .field. 

signiLlen The length, in bits, of the significand of the floating-point values 
in dest _matrix .field. 

The length, in bits, of the exponent of the floating-point values in 
dest _matrix .field. 

DESCRIPTION 

For each active processor in the current VP set, CMSR_rotation_const_ 
matrix_2d creates a two-dimensional rotation matrix in dest_matrix.fieldby setting 
the field to an identity matrix and then inserting a rotation of theta radians. All fields 
must be in the current VP set. 

SEE ALSO 

CMSR rotation matrix 2d - - -
CMSR x rotation const matrix 3d 

CMSR x rotation matrix 3d -- -
CMSR-y_rotation_const_matrix_3d 

CMSR-y_rotation_matrix_3d 

CMSR z rotation const matrix 3d -- - - -
CMSR z rotation matrix 3d - - - -
CMSR fa rotation matrix 2d - - - -
CMSR fax rotation matrix 3d - --
CMSR_fa-y_rotation_matrix_3d 

CMSR_fa_z_rotation_matrix_3d 
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CMSR_rotation_matrix_2d 

Inserts field of 20 rotation values into a transformation matrix field. 

SYNTAX 

CSyntax 

'include <cm/cmsr.h> 
void 

CMSR. rotation matrix 2d - - -
(dest_matrixJield, thetaJield, signifJen, exp_len) 

ClLfield_id_t dest_matrixJield; 
CN_field_id_t thetaJield; 
unsigned int signiLlen; 
unsigned int exp _len; 

Fortran Syntax 

INCLUDE '/usr/include/cm/cmsr~th-fort.h' 

StJBR.OU'l'INE CMSIL ROTATION_MATRIX-.2D 
, (desCmatrixJield, thetaJield, signifJen, exp_len) 

IN'l'BGBR. desC matrix Jield 
IN'l'BGBR. theta Jield 
IN'l'BGBR. signifJen 
IN'l'BGBR. exp _len 

Lisp Syntax 

CMSR.: rotation~trix-2d (dest-matrix-field theta-field 
'optional (signif-len 23) (exp-len 8» 

ARGUMENTS 
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dest _matrix Jield A Paris field identifier specifying the field in eM memory to 
which the 20 transformation matrix is to be returned. 

The 20 matrix field contains a 3 x 3 homogeneous transformation 
matrix stored in row-major order. Each element of the matrix is a 
floating-point value having a length of (signif_len + exp _len + 1), 
where signif_len is the length of the significand, exp _len is the 
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length of the exponent, and 1 is the sign bit. The length of the 
entire field is 9 * (signif_len + exp _len + 1). 

theta .field A Paris field identifier specifying the field in eM memory 
containing the the rotation angle, in radians, to be inserted into 
dest _matrix Jield. theta fzeld must be in the same VP set as 
dest _matrix fzeld. 

theta .field is a floating-point value oflength (signif_len + exp _len 
+ 1 + color _len), where signif_len is the length of the significand, 
exp _len is the length of the exponent, and 1 is the sign bit. 

The length, in bits, of the significand of the floating-point values 
in theta fzeld and dest _matrix .field. 

The length, in bits, of the exponent of the floating-point values in 
theta .field and dest _matrix ..field. 

DESCRIPTION 

For each active processor, CMSR_rotation_matrix_2d creates a two-dimensional 
rotation matrix by setting the transformation matrix in dest _matrix .field to an identity 
matrix and then inserting a rotation of theta .field radians. All fields must be in the 
current VP set. 

SEE ALSO 

CMSR rotation const matrix 2d - - -
CMSR x rotation const matrix 3d -- - - -
CMSR x rotation matrix 3d -- - -
CMSR-y_rotation_const_matrix_3d 

CMSR-y_rotation_matrix_3d 

CMSR z rotation const matrix 3d 

CMSR_z_rotation_matrix_3d 

CMSR fa rotation matrix 2d - - - -
CMSR_fa_x_rotation_matrix_3d 

CMSR_fa-y_rotation_matrix_3d 

CMSR fa z rotation matrix 3d - -- -
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CMSR scale const matrix 2d - - - .... 
CMSR scale const matrix 3d - - - -
Inserts specified 2D (3D) scaling terms into a transformation matrix field. 

SYNTAX 

CSyntax 

'include <cm/cmsr.h> 

void. 
CMSR_scale_const_matrix_2d. 

(dest_matrix_field, sx, sy, signif_len, exp_len) 

eM_field. _ id. _ t dest _matrix Jield; 
clouble sx, sy ; 
unsigned. int signif_len; 
unsigned. int exp _len; 

void. 
CMSR_scale const matrix 3d. 

(dest_matrix_field, sx, sy, sz, signif_len, exp_len) 

eM_field. _ id. _ t dest _matrix Jield; 
clouble sx, sy, sz; 
unsigned. int signif_len; 
unsigned. int exp_len; 

Fortran Syntax 

INCLUDE '/usr/include/cm/cmsr-math-fort.h' 

StJBROO'I'INE CMSR _SCAld!=-CONST _ MA'rRIX_ 2D 
, (desCmatrix_field, SX, sy, signif_len, exp_len) 

INTEGER 
DOUBLE PRECISION SX, sy 
INTEGER signif_len 
INTEGER exp _len 
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SOBROtrrINE CMSR SCALE CONST MATRIX 3D 

INTEGER 

- -
(dest_matrix_field, sx, sy, sz, signif)en, exp_len) 

dest _matrix Jield 
DOUBLE PRECISION sx, sy, sz 
INTEGER signiLlen 
INTEGER exp_kn 

Lisp Syntax 

CMSR: scale-const-matrix-2d (dest-matrix-field sx sy 
&optional (signif-len 23) (exp-len 8» 

CMSR:scale-const-matrix-3d(dest-matrix-field sx sy sz 
&optional (signif-len 23) (exp-len 8» 

ARGUMENTS 

dest _matrix Jield A Paris field identifier specifying the field in eM memory to 
which the transformation matrix is to be written. Each element of 
the matrix is a floating-point value having a length of (signif_len 
+ exp _len + 1), where signif_len is the length of the significand, 
exp _len is the length of the exponent, and 1 is the sign bit. 

sx 

The 2D matrix field contains a 3 x 3 homogeneous transformation 
matrix stored in row-major order. The length of the entire field is 
9 * (signif_len + exp _len + 1). 

The 3D matrix field contains a 4 x 4 homogeneous transformation 
matrix stored in row-major order. The length of the entire field is 
16 * (signif_len + exp _len + 1). 

A double-precision value on the front-end computer. sx is the 
scaling value for the x axis to be incorporated into the 
transformation matrix in dest _matrix Jield. 

A double-precision value on the front-end computer. sy is the 
scaling value for the x axis to be incorporated into the 
transformation matrix in dest _matrix Jield. 

sz A double-precision value on the front-end computer. For 
CMSR_scale_const_matrix_3d, sz is the scaling value for the 
z axis to be incorporated into the transformation matrix in 
dest _matrix Jield. 
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signiLlen The length, in bits, of the significand of the floating-point values 
in dest _matrix ..field. 

The length, in bits, of the exponent of the floating-point values in 
desC matrix ..field. 

DESCRIPTION 

CMSR_scale_const_matrix_2d cretates a two-dimensional scaling matrix by set­
ting the transformation matrix in dest _matrix ..field to an identity matrix and then 
inserting the scaling terms sx and sy. 

CMSR scale const matrix 3d creates a three-dimensional scaling matrix by set-- - - -
ting the transformation matrix in desC matrix ..field ~o an identity matrix and then 
inserting the scaling terms sx, sy, and sz. 

All fields must be in the current VP set. 

SEE ALSO 

284 

CMSR scale const matrix 3d - - -
CMSR scale matrix 2d - - -
CMSR_scale_matrix_3d 

CMSR_fa_scale_matrix_2d 

CMSR fa scale matrix 3d - - - -
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CMSR_scale_matrix_2d 
CMSR_scale_matrix_3d 

Inserts fields of 2D (3D) scaling terms into a transformation matrix field. 

SYNTAX 

C Syntax 

'include <cm/cmsr.h> 

void 
CMSR scale matrix 2d - - -

(dest _matrix_field, sx Jield, sy Jield, signif_len, exp _len) 

CM _field _ id _ t dest_matrix Jield,· 
CM_field_id_t sxJield, syJield; 
unsigned int signif_len; 
unsigned int exp_len; 

void 
CMSR scale matrix 3d 

(dest_matrix_field, sxJield, syJield, szJield, signif_len, exp_len) 

CM _field _ id _ t 
CM field id t - --
unsigned int 
unsigned int 

Fortran Syntax 

dest _matrix Jield; 
sx Jield, sy Jield, sz Jield; 
signif_len; 
exp_len; 

INCLUDE '/usr/include/cm/cmsr-math-fort.h' 

StJBROO'rINE CMSR SCALE MATRIX 2D - - -, (dest_matrix_field, sxJield, sy..field, signif_len, exp_len) 

INTEGER dest;... matrix ..field 
INTEGER sx Jield, sy ..field 
INTEGER signif_len 
INTEGER exp _len 
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CMSR SCALI: MATRIX 3D - - -, (dest_matrix_field, sxJield, syJield, szJield, signif)en, exp_len) 

IH'l'BGER dest _matrix Jield 
IH'l'BGER sx Jield, sy Jield, sz Jield 
IH'l'BGER signif)en 
IH'l'BGER exp _len 

Lisp Syntax 

CMSR: scala-matrix-2d (dest-matrix-field sx-field sy-field 
'optional (signif-len 23) (exp-len 8» 

CMSR: scala-matrix-3d (dest-matrix-field sx-field sy-field sz-field 
'optional (signif-len 23) (exp-len 8» 

ARGUMENTS 

286 

desCmatrixJield A Paris field identifier specifying the field in CM memory 
containing a 20 transformation matrix. Each element of the matrix 
is a floating-point value having a length of (signif_len + exp _len 
+ 1), where signif_len is the length of the significand, exp _len is 
the length of the exponent, and 1 is the sign bit. 

sxJield 

syJield 

The 20 matrix field contains a 3 x 3 homogeneous transformation 
matrix stored in row-major order. The length of the entire field is 
9 * (signif_len + exp_len + 1). 

The 30 matrix field contains a 4 x 4 homogeneous transformation 
matrix stored in row-major order. The length of the entire field is 
16 * (signif_len + exp _len + 1). 

A Paris field identifier specifying the field in CM memory 
containing the x coordinate scaling value to be inserted into 
dest_matrixJield. sxJield must be in the same VP set as 
dest _matrix Jield. 

sx Jield is a floating-point value oflength (signif_len + exp _len + 
1 +color _len), where signif_len is the length of the significand, 
exp _len is the length of the exponent, and 1 is the· sign bit. 

A Paris field identifier specifying the field in eM memory 
containing the y coordinate scaling value to be inserted into 
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sz.field 

signif_Ien 

DESCRIPTION 

dest_matrixJield. sy Jield must be in the same VP set as 
dest _matrix .field. 

sy.field is a floating-point value of length (signifJen + exp _len + 
I + color_len), where signiLlen is the length of the significand, 
exp _len is the length of the exponent and 1 is the sign bit. 

For CMSR_scale_matrix_3d, a Paris field identifier specifying 
the field in eM memory containing the z coordinate scaling value 
to be inserted into dest _matrix .field. sz.field must be in the same 
VP set as dest _matrix .field. 

sz .field is a floating-point value oflength (signif_Ien + exp _len + 
1 + color_len), where signif_Ien is the length of the significand, 
exp _len is the length of the exponent, and 1 is the sign bit. 

The length, in bits, of the significand of the floating-point values 
in sx .field, sy .field, and dest _matrix .field. 

The length, in bits, of the exponent of the floating-point values in 
sx .field, sy .field, and dest _matrix .field. 

For each active processor, CMSR_scale_matrix_2d creates a two-dimensional scal­
ing matrix by setting the transformation matrix in dest _matrix .field to an identity 
matrix and then inserting the scaling terms from sx .field and sy .field. 

For each active processor, CMSR_scale_matrix_3d creates a three-dimensional 
scaling matrix by setting the transformation matrix in dest..,. matrix .field to an identity 
matrix and then inserting the scaling terms from sx .field, sy .field, and sz .field. 

All fields must be in the current VP set. 

·SEEALSO 

CMSR scale_coDst_matrix_2d 

CMSR scale CODSt matrix 3d - - - -
CMSR fe scale matrix 2d - - - -
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CMSR trans const matrix 2d - - - -

Inserts 20 (3D) translation terms into a transformation matrix field. 

SYNTAX 

C Syntax 

'include <cm/cmsr.h> 

void 
CMSR trans const matrix 2d - - - -

(descmatrixJield, tx, ty signifJen, exp_len) 

eM_field _ id _ t descmatrixJield; 
double Ix, ty ; 
unsigned int signifJen; 
unsigned int exp_len; 

void 
CMSR trans const matrix 3d - - (dest_matrixJield, Ix, ty, tz, signifJen, exp_Ien) 

eM_field _ id _ t desCmatrixJield; 
double 
unsigned int 
unsigned int 

Ix, ty, tz; 
signif_Ien; 
exp_len; 

Fortran Syntax 

INCLO'DE '/usr/include/cm/cmsr-math-fort.h' 

StJBROtJ'l'INE CMSR TRANS CONS'!' MA'l'RIX 2D - - - -
& (desCmatrixJield, Ix, ty, signif_len, exp_len) 

IN'.rEGER dest _matrix Jield 
DOUBLE PRECISION Ix, ty 
IN'.rEGER signif_len 
IN'.rEGER exp _len 
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StJBROtJ'lINE CMSR 'l'RANS CONST MATRIX 3D - - - -
, (dest_matrixJield, tx, ty, tz, signif)en, exp_len) 

INTEGER desl _matrix Jield 
Dot1.BLJ!: PRECISION Ix 

DOUBLE PRECISION ty 
DOUBLE PRECISION tz 
INTEGER 

INTEGER 

Lisp Syntax 

signif)en 
exp_len 

CMSR: trans-const-matrix-2d (dest-matrix-field Ix ty 
'optional (signif-len 23) (exp-len 8» 

CMSR: trans-const-matrix-3d (dest-matrix-field tx ty tz 
'optional (signif-len 23) (exp-len 8» 

ARGUMENTS 

desC matrix Jield A Paris field identifier specifying the field in eM memory to 
which the transformation matrix is to be written. Each element of 
the matrix is a floating-point value having a length of (signif_len 
+ exp _len + 1). where signif)en is the length of the significand, 
exp _len is the length of the exponent, and 1 is the sign bit. 

The 2D matrix field contains a 3 x 3 homogeneous transformation 
matrix stored in row-major order. The length of the entire field is 
9 * (signif_len + exp_len + 1). 

The 3D matrix field contains a 4 x 4 homogeneous transformation 
matrix stored in row-major order. The length of the entire field is 
16 * (signif_len + exp_len + 1). 

tx A double-precision value on the front-end computer. Ix is the x 
translation value to be incorporated into the transformation matrix 
in dest _matrix Jield. 

ty A double-precision value on the front-end computer. ty is the y 
translation value to be incorporated into the transformation matrix 
in desC matrix Jield. 
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tz 

signif)en 

For CMSR trans const matrix 3d, a double-precision value - - - -
on the front-end computer. tz is the z translation value to be 
incorporated into the transformation matrix in dest _matrix Jield. 

The length, in bits, of the significand of the floating-point values 
in desC matrix Jield. 

The length, in bits, of the exponent of the floating-point values in 
dest _ matrixJield. 

DESCRIPTION 

CMSR trans const matrix 2d inserts the translation terms Ix and ty into the ma-- - - -
trix in each active processor in dest _matrix Jield. 

CMSR trans const matrix 3d inserts the translation terms lx, ty, and tz into the - - - -
matrix in each active processor in dest _matrix Jield. 

SEE ALSO 

290 

CMSR_translation_matrix 2d 

CMSR_translation-matrix-3d 

CMSR fa translation matrix 2d - - --
CMSR fa translation matrix 3d - - --
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CMSR translation matrix 2d - --
CMSR translation matrix 3d - --
Inserts fields of 20 (3~) translation terms into a transformation matrix field. 

SYNTAX 

C Syntax 

'include <cm/cmsr.h> 

void 
CMSR translation matrix 2d - --

(dest _matrix ..field, tx ..field, ty ..field, signiLlen, exp _len) 

eM_field _ id _ t dest _matrix ..field; 
eM field id t tx..field, ty..field; 
unsigned int signifJen; 
unsigned int exp_Ien; 

void 
CMSR translation matrix 3d - --

(dest _matrix ..field, tx ..field, ty ..field, tz ..field, signiLlen, exp _len) 

eM field id t dest_matrix..field; 
eM_field _ id _ t tx ..field, ty ..field, tz ..field; 
unsigned int signif_len; 
unsigned int exp _len; 

Fortran Syntax 

INCLODE '/usr/include/cm/cmsr-math-fort.h' 

SUBROUTINE CMSR _TRANSLATION _MA'l'RIX _ 2D 
, (dest _matrix ..field, tx ..field, ty ..field, signif_len, exp _len) 

INTEGER dest _matrix ..field 
INTEGER tx Jield, ty ..field 
INTEGER signif)en 
INTEGER exp _len 
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CMSR _TRANSLATION _MA'rRIX _3D 
, (dest_matrix.field, tx.field, ty.field, tz.field, ,signifJen, exp_len) 

IN'.rEGBR desC matrix .field 
IN'.rEGER tx .field, ty .field, tz .field 
IN'.rEGER signif_len 
IN'.rEGER exp _len 

Lisp Syntax 

CMSR: translation-matrix-2d (dest-matrix-jield tx-field ty-field 
'optional (signif-len 23) (exp-len 8» 

CMSR: translation-matrix-3d (dest-matrix-field tx-field ty-field tz-jield 
'optional (signif-len 23) (exp-len 8» 

ARGUMENTS 

292 

desCmatrix.field A Paris field identifier specifying the field in eM memory 
containing a transformation matrix. Each element of the matrix is 
a floating-point value having a length of (signif_len + exp _len + 
1), where signif_len is the length of the significand, exp _len is the 
length of the exponent, and 1 is the sign bit 

tx.field 

ty.field 

The 2D matrix field contains a 3 x 3 homogeneous transformation 
matrix stored in row-major order. The length of the entire field is 
9'" (signif_len + exp_len + 1). 

The 3D matrix field contains a 4x4 homogeneous transformation 
matrix stored in row-major order. The length of the entire field is 
16'" (signif_len + exp_len + 1). 

A Paris field identifier specifying the field in eM memory 
containing the x coordinate translation value to be inserted into 
dest_matrixJield. txJield must be in the same VP set as 
dest _matrix .field. 

tx .field is a floating-point value of length (signif_len + exp _len + 
1 + color_len), where signif_len is the length of the significand, 
exp _len is the length of the exponent, and 1 is the sign bit 

A Paris field identifier specifying the field in eM memory 
containing the y coordinate translation value to be inserted into 
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tz.field 

signifJen 

DESCRIPTION 

dest_matrixJield. tyJield must be in the same VP set as 
dest _matrix .field. 

ty .field is a floating-point value of length (signifJen + exp _len + 
1 + color_len), where signiLlen is the length of the significand, 
exp _len is the length of the exponent, and 1 is the sign bit. 

For CMSR_translation-matrix-3d, a Paris field identifier 
specifying the field in eM memory containing the z coordinate 
translation value to be inserted into desC matrix .field. tz .field 
must be in the same VP set as dest _matrix .field. 

tz.field is a floating-point value oflength (signifJen + exp_Ien + 
1 + color_len), where signifJen is the length of the significand, 
exp _len is the length of the exponent, and 1 is the sign bit. 

The length, in bits, of the significand of the floating-point values 
in Ix .field, ty .field, and dest _matrix .field. 

The length, in bits, of the exponent of the floating-point values in 
Ix .field, ty.field, and dest _matrix .field. 

For each active processor, CMSR_translation_matrix_2d creates a two-dimen­
sional translation matrix by setting the transformation matrix in dest _matrix .field to an 
identity matrix and then inserting the translation terms tx .field and ty .field. 

For each active processor, CMSR translation matrix 3d creates a three-dimen-- --
sional translation matrix by setting the transformation matrix in dest _matrix .field to an 
identity matrix and then inserting the translation terms tx .field, ty .field, and tz .field. 

All fields must be in the current VP set. 

SEE ALSO 

CMSR translation const matrix 2d - - -
CMSR_translation_const_matrix_3d 

CMSR_f._translation_matrix_2d 

CMSR_f._translation .... matrix_3d 
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CMSR_x_rotation_const_matrix_3d 
CMSRjI _rotation_const_matrix_3d 
CMSR z rotation const matrix 3d - - - - -
Inserts a specified rotation around x (y, z) into a 3D transformation matrix field. 

SYNTAX 

C Syntax 

'include <cm/cmsr.h> 

void 
CMSR x rotation const matrix_3d 

(dest_matrix..field, theta, signifJen, exp_len) 

void 
CMSR-y_rotation_const_matrix_3d 

(dest_matrix..field, theta, signif_len, exp_len) 

void 
CMSR z rotation const matrix 3d 

CM_field_id_t 
double 
unsiqned int 
unsiqned int 

- - -
(desCmatrix..field, theta, signif_len, exp_len) 

desc matrix..field; 
theta; 
signif_len; 
exp_len; 

Fortran Syntax 

, 
, 
, 

294 

INCLUDE '/usr/include/cm/cmsr-math-fort.h' 

StJBROtJ'l'INE CMSR X ROTA'!'ION CONS'!' MA'!'RIX 3D -- --
(dest _matrix ..field, theta, signif_len, exp _len) 

StJBROtJ'l'INE CMSR Y ROTA'!'ION CONS'!' MA'l'RIX 3D -- - - -
(dest _matrix ..field, theta, signif_len, exp _len) 

StJBROtJ'l'INE CMSR_Z_RO'!'A'!'ION_CONS'!'_MA'l'RIX_3D 

IN'l'EGER 

DOUBLE PRECISION 
IN'l'EGER 

IN'l'EGER 

(dest _matrix _field, theta, signif_len, exp _len) 

desC matrix ..field 
theta 
signif_len 
exp_len 
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Lisp Syntax 

CMSR:z-rotation-const-matriz-3d 
(dest-matrix-field theta 

&optional (signif-len 23) (exp-len 8» 

CMSR:y-rotation-const-matriz-3d 
(dest-matrix-field theta 

&optional (signif-len 23) (exp-len 8» 

CMSR:z-rotation-const-matrix-3d 
(dest-matrix-field theta 

&optional (signif-len 23) (exp-len 8» 

ARGUMENTS 

dest_matrix.field A Paris field identifier specifying the field in eM memory to 
which the 3D transformation matrix is to be returned. 

theta 

signif_len 

DESCRIPTION 

The 3D matrix field contains a 4x4 homogeneous transformation 
matrix stored in row-major order. Each element of the matrix is a 
floating-point value having a length of (signif_len + exp _len + 1), 
where signif_len is the length of the significand, exp jen is the 
length of the exponent, and 1 is the sign bit The length of the 
entire field is 16 * (signif_len + exp_len + 1). 

A double-precision value on the front-end computer. theta is the 
rotation, in radians, to be incorporated into the transformation 
matrix in desC matrix .field. 

The length, in bits, of the significand of the floating-point values 
in dest _matrix .field. 

The length, in bits, of the exponent of the floating-point values in 
dest _matrix .field. 

CMSR_x_rotation_const_matrix_3~ CMSR-y_rotation_const_matrix_ 
3~ and CMSR_z_rotation_const_matrix_3d create a three-dimensional rotation 
matrix in desC matrix .field by setting the field to an identity matrix and then inserting a 
rotation of theta radians around the x, y, or z axis, respectively. 

All fields must be in the current VP set 
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SEE ALSO 
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CMSR_x_rotatioD_matrix_3d 

CMSR...l'_rotatioD_matrix_3d 

CMSR_z_rotatioD_matrix_3d 

CMSR_rotatioD_matrix_2d 

CMSR rotatioD CODst matrix_2d 

CMSR_fe_rotatioD_matrix_2d 

CMSR_fe_x_rotatioD_matrix_3d 

CMSR_fe...l'_rotatioD_matrix_3d 

CMSR_fe_z_rotatioD_matrix_3d 
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CMSR_x_rotation_matrix_3d 
CMSR_y_rotation_matrix_3d 
CMSR z rotation matrix 3d - - - -
Inserts field of rotation values around x (y, z) into a 3D transformation matrix field. 

SYNTAX 

CSyntax 

iinclude <cm/cmar.h> 

void 
CMSR x rotation matrix 3d 

(dest_matrixJield, thetaJield, signiLlen, exp_len) 

void 
CMSRJ_rotation_matrix_3d 

(dest _matrix Jield, theta Jield, signifJen, exp _len) 

void 
CMSR z rotation matrix 3d 

eM field id t - --
eM field id t - --
unsigned int 
unsigned int 

Fortran Syntax 

(desC matrix Jield, theta Jield, signiLlen, exp _len) 

desC matrix Jield; 
theta Jield; 
signif_len; 
exp_len; 

INCLUDE '/usr/include/cm/cmar-math-fort.h' 

StJBROt1TINE CMSR X ROTATION MATRIX 3D -- - -
& (dest_matrixJield, thetaJield, signif_len, exp_len) 

StJBROt1TINE CMSR Y ROTATION MATRIX 3D --, - -
& (dest_matrix..field, thetaJield, signif_len, exp_len) 

StJBROt1TINE CMSR Z ROTATION MATRIX 3D -- - -
& (descmatrix..field, theta..field, signif_len, exp_len) 

INTEGER desC matrix ..field 
INTEGER thetaJield 
INTEGER signif_len 
INTEGER exp _len 
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Lisp Syntax 

CMSR: x-rotation-matrix-3d (dest-matrix-field theta-field 
'optional (signif-len 23) (exp-len 8» 

CMSR: y-rotation-matrix-3d (dest-matrix-field theta-field 
'optional (signif-len 23) (exp-len 8» 

CMSR: z-rotation-matrix-3d (dest-matrix-field theta-field 
'optional (signif-len 23) (exp-len 8» 

ARGUMENTS 

dest _matrix ..field A Paris field identifier specifying the field in CM memory to 
which the 3D transformation matrix is to be returned. 

theta ..field 

expjen 

The 3D matrix field contains a 4 x 4 homogeneous transformation 
matrix stored in row-major order. Each element of the matrix is a 
floating-point value having a length of (signif_len + exp _len + 1), 
where signif_len is the length of the significand, exp _len is the 
length of the exponent, and 1 is the sign bit. The length of the 
entire field is 16 * (signif_len + exp_len + 1). 

A Paris field identifier specifying the field in CM memory 
containing the rotation angle, in radians, to be inserted into 
dest_matrixJield. thetaJield must be in the same VP set as 
dest _ matrix..field. 

theta ..field is a floating-point value oflength (signif_len + exp _len 
+ 1 + color_len), where signif_len is the length of the significand, 
exp _len is the length of the exponent, and 1 is the sign bit. 

The length, in bits, of the significand of the floating-point values 
in theta ..field and desC matrix ..field. 

The length, in bits, of the exponent of the floating-point values in 
theta ..field and desC matrix ..field. 

DESCRIPTION 
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For each active processor, CMSR_x_rotation_lDAtrix_3d, CMSR"'y_rotation_ 
matrix_3d, and CMSR_z_rotation_matrix_3d create a three-dimensional rota­
tion matrix by setting the transformation matrix in dest _matrix ..field to an identity 
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CMSR_x_rotatlon_matrb,-3d 
CMSRJI_rotatlon_matrb,-3d 
CMSR_z_rotatlon_matrb,-3d 
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matrix and then inserting a rotation of theta..field radians around the x, y, or z axis, 
respectively. 

All fields must be in the current VP set. 

SEE ALSO 

CMSR x rotatioD CODSt matrix 3d -- - - -
CMSR-y_rotatioD_coDst_matrix_3d 

CMSR z rotatioD CODSt matrix 3d -- - - -
CMSR_rotatioD_matrix_2d 

CMSR rotation CODSt matrix 2d - - - -
CMSR fa rotatioD matrix 2d - - - -
CMSR_fa_x_rotatioD_matrix_3d 

CMSR_fa-y_rotatioD_matrix_3d 

CMSR fa z rotatioD matrix 3d - -- - -
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3.8 CM Color Conversion Routines 

This section documents the *Render routines that convert color vectors between color 
spaces. 

300 

CMSR_rgb_to_CJD.Y ..................................................... 301 

CMSR_CJD.Y_to_rgb ..................................................... 301 

CMSR_rgb_ toJiq . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 303 

CMSRJi«t-to _ rgb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 303 

CMS~rgb_ to_hav . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 305 

CMS~av _ to_rgb . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 305 

CMSR_rgb_to_hal ..................................................... 307 

CMSR_hal_to_rgb . . . . . . . . . . .. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .. 307 
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CMSR_rgb_to_cmy 
CMSR_cmy_to_rgb 

Converts color vector fields ROB to CMY (CMY to ROB) color models. 

SYNTAX 

C Syntax 

'include <cm/cmsr.h> 

void 
CMSR _ rqb _to _ c:my (cmy _vector ..field, rgb _vector ..field, signij}en, exp _len) 

CM _field _ id _ t cmy _vector ..field, rgb _vector ..field; 
unsigned int signij}en, exp _len; 

void 
CMSR _ cmy_ to _ rqb (rgb _vector ..field, cmy _vector ..field, signif_len, exp _len) 

CM_field_id_t rgb_vector..field, cmy_vector..field; 
unsigned int signif_len, exp _len; 

Fortran Syntax 

INCLUDE '/usr/include/cm/cmsr-math-fort.h' 

SUBRO'IJ'lINE CMSR RGB TO CMY - --, (cmy _vector ..field, rgb _vector ..field, signif_len, exp _len) 
INTEGER cmy _vector ..field, rgb _vector ..field 
INTEGER signiLlen, exp _len 

SUBROUTINE CMSR CMY TO RGB - --, (cmy _vector ..field, rgb _vector ..field, signif_len, exp _len) 
INTEGER rgb _vector ..field, cmy _vector ..field 
INTEGER signif_len, exp Jen 

Lisp Syntax 

CMSR: rqb-to-cmy (cmy-vector-field rglrvector-field 
'optional (signif-len 23) (exp-len 8» 

CMSR: c:my-to-rqb (rglrvector-field cmy-vector-field 
'optional (signif-Ien 23) (exp-len 8» 
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ARGUMENTS 

rgb _vector ..field A Paris field identifier specifying the field in CM memory 
containing the ROB color triplet. The red intensity is in the first 
element, the green intensity is in the second element, and the blue 
intensity is in the third element. Each intensity should be in the 
range of [0,1]. 

cmy _vector ..field A Paris field identifier specifying the field in CM memory 
containing the CMY color triplet. The cyan intensity is in the first 
element, the magenta intensity is in the second element, and the 
yellow intensity is in the third element. Each intensity should be 
in the range of [0,1]. 

Each element in these fields is a floating-point value having a 
length of (signif_len + exp _len + 1), where signif_len is the length 
of the significand, exp _len is the length of the exponent, and 1 is 
the sign bit. The length of the entire field is 3 * (signif_len + 
exp_len + 1). 

The length, in bits, of the significand of the floating-point values 
in rgb _vector ..field and cmy _vector ..field. 

The length, in bits, of the exponent of the floating-point values in 
rgb _vector ..field and cmy _vector ..field. 

DESCRIPTION 

302 

For each active processor in the current VP set, CMSR _ rgb _to _ cmy converts the ROB 
triplet in rgb _vector ..field to a CMY triplet and places the result in cmy _vector ..field. 
The relationship is 

(c,m,y) = (1,1,1) - (r,g,b) 

Similarly, for each active processor in the current VP set, CMSR_cmy_to_rgb con­
verts the CMY triplet in cmy _vector Jield to ROB and places the result in 
rgb _vector ..field. The relationship is 

(r,g,b) = (1,1,1) - (c,m,y) 
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CMSR_rgb_to_yiq 
CMSRjliq_to_rgb 

Converts color vector fields from ROB to YIQ (YIQ to ROB) color models. 

SYNTAX 

C Syntax 

'include <cm/cmsr.h> 

void 
CMSR _ rqb _to Jiq (yiq_vector ..field, rgb _vector ..field, signiLlen exp _len) 

CM_field_id_t yiq_vector..field, rgb_vector..field; 
unsigned int signiLlen, exp _len; 

void 
CMSRJi<t-to_rqb (rgb_vector ..field, yiq_vector ..field, signif_len exp_Ien) 

CM _field _ id _ t rgb _vector ..field, yiq_vector ..field; 
unsigned int signif_len, exp _len; 

Fortran Syntax 

INCLUDE '/usr/include/cm/cmsr-math-fort.h' 

SUBROUTINE CMSR _ RGB _ TO _ YIQ 

, (yiq_ vector ..field, rgb _vector ..field, signif_Ien, exp _len) 
IN'l'EGER yiq_vector ..field, rgb _vector ..field 
INTEGER signif_Ien, exp _len; 

SUBROUTINE CMS~ YIQ_ TO _ RGB 
, (rgb _vector ..field, yiq_vector ..field, signif_len exp _len) 

IN'l'EGER rgb _vector ..field, yiq_ vector ..field; 
IN'l'EGER signif_Ien, exp _len; 

Lisp Syntax 

CMSR: rqb-to-yiq (yiq-vector-field rgb-vector-field 
'optional (signif-Ien 23). (exp-len 8» 

CMSR: yiq-to-rqb {rgb-vector-field yiq-vector-field 
'optional (signif-len 23) (exp-len 8» 
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ARGUMENTS 

rgb _vector .field A Paris field identifier specifying the field in CM memory 
containing the ROB color triplet. The red intensity is in the first 
element, the green intensity is in the second element, and the blue 
intensity is in the third element. Each of the ROB color 
components should be in the range of [0,1]. 

yiq_vector .field A Paris field identifier specifying the field in CM memory 
containing the YIQ color triplet. The Y (luminance) intensity is in 
the first element, the I (orange-cyan chromaticity) intensity is in 
the second element, and the Q (green-magenta chromaticity) 
intensity is in the third element. Each intensity should be in the 
range of [0,1]. 

signif_len 

Each element in these fields is a floating-point value having a 
length of (signif_len + exp _len + 1), where signif_len is the length 
of the significand, exp _len is the length of the exponent, and 1 is 
the sign bit. The length of the entire field is 3 * (signif_len + 
exp _len + I). 

The length, in bits, of the significand of the floating-point values 
in rgb_vector .field andyiq_vector .field. 

The length, in bits, of the exponent of the floating-point values in 
rgb_vector Jield andyiq_vector .field. 

DESCRIPTION 
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For each active processor in the current VP set,CMSR _ rgb _to Jiq converts an ROB 

triplet in rgb _vector .field to a YIQ triplet and places the result in yiq_vector .field. 

For each active processor in the current VP set, CMSR Jict,. to _ rgb converts a YIQ 
triplet inyiq_vector .field to an ROB triplet and places the result in rgb_vector .field. 
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CMSR_rgb_to_hsv 
CMSR_hsv_to_rgb 
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Converts color vector fields from RGB to HSV ( HSV to RGB) color models. 

SYNTAX 

C Syntax 

'include <cm/cmar.h> 

void 
CMSR _ rgb _ to _ hsv (hsv _vector .field, rgb _vector .field, signijJen, exp _len) 

CN field id t hsv_vector.field, rgb_vector.field; 
unsigned int signiLlen, exp _len; 

void 
CMSR_hsv_to_rgb (rgb_vector.field, hsv_vector.field, signijJen, exp_len) 

CN_field_id_t rgb_vector.field, hsv_vector.field; 
unsigned int signijJen, exp _len; 

Fortran Syntax 

INCLUDE '/usr/include/cm/cmar-math-fort.h' 

SUBROUTINE CMSR RGB ro BSV - --
& (hsv_vector.field, rgb_vector.field, signijJen, exp"-len) 

IN'rEGER hsv _vector .field, rgb _vector .field; 
IN'rEGER signijJen, exp _len; 

SUBROUTINE CMSR _ BSV _'1'0_ RGB 
& (rgb _vector .field, hsv _vector .field, signiLlen, exp _len) 

IN'rEGER rgb _vector .field, hsv _vector .field; 
IN'rEGER signiLlen, exp _len; 

Lisp Syntax 

CNSR:rgb-to-hsv (rgb-vector-field hsv-vector-field 
&optional (signif-len 23) (exp-len 8» 

CMSR: hsv-to-rgb (hsv-vector-field rgb-vector-field 
&optional (signif-len 23) (exp-len 8» 
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ARGUMENTS 

rgb _vector .field A Paris field identifier specifying the field in CM memory 
containing the ROB color triplet The red intensity is in the first 
element, the green intensity is in the second element, and the blue 
intensity is in the third element. Each of intensity should be in the 
range of [0,1]. 

hsv _vector .field A Paris field identifier specifying the field in CM memory 
containing the HSV color triplet. The hue of the color is in the first 
element, the saturation is in the second element, and the value is 
in the third element. Hue should be in the range [0, 2*pi], and 
saturation and value should be in the range [0,1]. 

Each element in these fields is a floating-point value having a 
length of (signiLlen + exp _len + 1), where signiLlen is the length 
of the significand, exp _len is the length of the exponent, and 1 is 
the sign bit. The length of the entire field is 3 * (signif_len + 
exp_len + 1). 

The length, in bits, of the significand of the floating-point values 
in rgb _vector .field and hsv _vector .field. 

The length, in bits, of the exponent of the floating-point values in 
rgb _vector .field and hsv _vector .field. 

DESCRIPTION 
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For each active processor in the current VP set, CMSR _ rqb _to _ hsv converts the ROB 
triplet in rgb _vector .field to an HSV triplet and places the result in hsv _vector .field. 
Hue will be between 0.0 and 2*pi. If s is zero, h is irrelevant and is set to zero. Ifv is 
zero, h and s are irrelevant and both are set to zero. 

For each active processor in the current VP set, CMSR _ hsv _to _ rqb converts the HSV 

triplet in hsv _vector .field to an ROB triplet and places the result in rgb _vector .field. 
Hue is taken modulo 2*pi. If s is zero, h is irrelevant and is set to zero. If v is zero, s and 
v are irrelevant and both are set to zero. 
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CMSR_rgb_to_hsl 

CMSR_hsUo_rgb 
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Converts color vector fields from RGB to HSL (HSL to RGB) color models. 

SYNTAX 

CSyntax 

linclude <cm/cmsr.h> 

void 
CMSR _ rqb _to _ hsl (hsCvector ..field, rgb _vector ..field, signifJen, exp _len) 

01_ field _ id _ t hsCvector ..field, rgb _vector ..field; 
unsiqned int signifJen, exp _len; 

void 
CMSR _ hsl_ to _ rqb (rgb _vector ..field, hsCvector ..field, signif_len, exp _len) 

CH_field_id_t rgb_vector..field, hsCvector..field; 
unsiqned int signif_len, exp _len; 

Fortran Syntax 

INCLUDE '/usr/include/cm/cmsr-math-fort.h' 

SOBROtrrINE CMSR RGB '1'0 BSL - --, (hsCvector ..field, rgb_vector ..field, signif_len, exp_len) 
INTEGER hsCvector ..field, rgb _vector ..field; 
INTEGER signif_len, exp _len; 

SOBROtrrINE CMSR BSL '1'0 RGB - --, (rgb_vector ..field, hsCvector ..field, signif_len, exp_len) 
INTEGER rgb _vector ..field, hsCvector ..field; 
INTEGER signif_len, exp _len; 

Lisp Syntax 

CMSR: rqb-to-hsl (rgb-vector-field hsl-vector-field 
'optional (signif-Ien 23) (exp-len 8» 

CMSR:hsl-to-rqb <hsl-vector-field rgb-vector-field 
'optional (signif-len 23) (exp-len 8» 

11111 
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ARGUMENTS 

rgb _vector Jield A Paris field identifier specifying the field in CM memory 
containing the ROB color triplet. The red intensity is in the first 
element, the green intensity is in the second element, and the blue 
intensity is in the third element. Each intensity should be in the 
range of [0,1]. 

hsCvector Jield A Paris field identifier specifying the field in CM memory 
containing the HSL color triplet. The hue of the color is in the first 
element, the saturation is in the second element, and the lightness 
is in the third element. Hue should be in the range [0, 2*pi], and 
saturation and lightness should be in the range [0,1]. 

signif_len 

Each element in these fields is a floating-point value having a 
length of (signif_len + exp _len + 1), where signifjen is the length 
of the significand, exp _len is the length of the exponent, and 1 is 
the sign bit. The length of the entire field is 3 * (signif_len + 
exp _len + 1). 

The length, in bits, of the significand of the floating-point values 
in rgb _vector Jield and hsl_vector Jield. 

The length, in bits, of the exponent of the floating-point values in 
rgb _vector Jield and hsC vector Jield. 

DESCRIPTION 
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For each active processor in the current VP set, CMSR _ rgb _to_hal converts the RGB 

triplet in rgb_vector Jield to an HSL triplet and places the result in hsCvector Jield. 

For each active processor in the current VP set, CMSR _ hsl_ to _ rgb converts the HSL 

triplet in hsCvector ..field to an ROB triplet and places the result in rgb _vector ..field. 

If saturation is zero, the resulting color is a gray shade. In this case hue is irrelevant and 
is set to zero. Iflightness is zero, the color is black. In this case both hue and saturation 
are irrelevant and are set to zero. 
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3.9 eM Miscellaneous Routines 

This section contains utility routines that convert between degrees and radians. 

CMSR_deq_to_rad ..................................................... 310 

CMSR_rad_to_deq ..................................................... 310 
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CMSR_deg_to_rad 
CMSR_rad_to_deg 

Converts degrees to radians (radians to degrees) for CM fields. 

SYNTAX 

C Syntax 

'include <cm/cmsr.h> 

void 
CMSR_de~Lto_rad. (dest.field, src.field, signifJen, exp_len) 

void 
CMSR_rad_to_deq (dest.field, src.field, signifJen, exp_len) 

eM_field_id_t dest.fieldi 
eM_field _ id _ t src .field i 
unsigned int signifJen i 
unsigned exp_leni 

Fortran Syntax 

INCLUDE '/usr/include/cm/cmsr-math-fort.h' 

SOBROO'l'INE CMSR_DEG_TO_RAe (dest.field, src.field, signifJen, exp_len) 

SOBROO'l'INE CMSR _RAe_TO _ DEG (dest .field, src .field, signif_len, exp _len) 

INTEGER dest .field 
INTEGER src .field 
INTEGER signif_len 
INTEGER exp _len 

Lisp Syntax 

CMSR: deq-to-rad (dest-field src-field 
'optional (signif-len 23) (exp-len 8» 

CMSR: rad-to-deq (dest-field src-field 
'optional (signif-len 23) (exp-len 8» 
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ARGUMENTS 

dest.field 

src.field 

signifJen 

DESCRIPTION 

A Paris field identifier specifying the field in CM memory to 
which the result is written. dest .field must be in the same VP set 
as src .field. 

A Paris field identifier specifying the field in CM memory from 
which the value to be converted is taken. src .field must be in the 
same VP set as dest .field. 

The length, in bits, of the significand of the floating-point values 
in dest .field and src .field. 

The length, in bits, of the exponent of the floating-point values in 
dest .field and src .field. 

For each active processor, CMSR _ rad _to _ deq calculates the degrees equivalent to the 
number of radians specified in src .field and writes the result to dest .field. 

Conversely, for each active processor, CMSR _ deq_ to _ rad calculates the radians 
equivalent to the number of degrees specified in src .field and writes the result to 
dest .field. 

SEE ALSO 

CMSR _ fe_ deq_ to _ rad 

CMSR _ fe _ deq_ to _ rad 

CMSR _ fe _rad _to _ deq 
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Dithering Routines 

A workstation that has only a I-bit (black/white) display, cannot display grayscale continu­
ous tone images unless they are dithered or halftoned. *Render contains several :functions 
to support the halftoning of grayscale images. 

*Render's halftone routines convert a grayscale image of floating-point or double float­
ing-point values to a I-bit-per-pixel image suitable for displaying on a black and white 
monitor. These routines include: 

• 
• 
• 
• 
• 
• 

CHSR u halftone 

CHSR f halftone 

CHSR u halftone dot diffusion -- --
CHSR f halftone dot diffusion 

CHSR_u_halftone_error-propaqation 

CHSR_f_halftone_error-propaqation 

In addition, two routines are provided that convert color ROB images to grayscale: 

• 
• 

CHSR_u_rqb_to_qray 

CHSR_f_rqb_to_qray 

Each pixel in a grayscale image represents an intensity level of gray from black to white. 
For example, an 8-bit grayscale image can display one of256 intensity levels at each pixel. 
However, in I-bit, black and white, displays, each pixel can only be either on or off. Half­
toning allows you to transfer grayscale images to I-bit displays by using varying densities 
of black and white pixels to approximate the grayscale intensities of the original image. 

CHSR_ u _halftone and CMSR _ f _halftone convert a grayscale image of floating-point 
or double floating-point values, respectively, to a I-bit-per-pixel image suitable for dis­
playing on a black and white monitor. These routines are the easiest interface to the 
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*Renders dithering routines. They use a 5th-order dot-diffusion algorithm to halftone the 
images. 

CMSR. u halftone dot diffusion and CMSR. f halftone dot diffusion allow - - -- --
you to select the order of the dither that is to be applied to your image. The number of 
shades of gray that can be represented on the I-bit image is determined by the order of the 
dithering. A higher-order dither increases the number of intensities but loses some image 
detail, thus exchanging geometric information for color information. 

CMSR_u_halftone_error-propaqation and CMS~f_halftone_error-propa­
qation allow you to choose an error propagation dither instead of dot diffusion. Error 
propagation compares the grayscale value to a threshold value to determine whether the 
corresponding I-bit pixel should be on or off. But the algorithm then also distributes the 
"error" of that decision to neighboring pixels. That is, if a pixel is turned off because its 
color value was just below the threshold, error propagation increases the likelihood that the 
neighboring pixels are turned on. The effect is to produce patterns of black and white pixels 
that approximate the grayscale intensities of the original image. 

Detailed descriptions of each of these routines follow. 
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CMSR_u_halftone 
CMSR_f_halftone 

Converts a grayscale unsigned integer (floating-point) image to a I-bit, black and white; 
image. 

SYNTAX 

CSyntax 

'include <cm/cmsr.h> 

void 
CMSR _ u _halftone (dithered ""picture Jield, picture Jield, len) 

CMSR _field _ id _ t dithered ""picture Jield, picture Jield; 
unsigned int len; 

void 
CMSR f halftone 

(dithered ""picture Jield, picture Jield, signiLlen, exp _len) 

CM_field_id_t dithered""pictureJield, pictureJield; 
unsigned int signifJen, exp jen; 

Fortran Syntax 

INCLUDE '/usr/include/cm/cmsr-fort.h' 

SOBROO'l'INE CMSR _ 0 _HALFTONE (dithered ""picture Jield, picture Jield, len) 

IN'l'EGER dithered ""picture Jield, picture Jield 
IN'l'EGER len 

SOBROO'l'INE CMSR F HALFTONE 
& (dithered ""picture Jield, picture Jield, signifJen, exp _len) 

IN'l'EGER dithered ""picture Jield, picture Jield 
IN'l'EGER signif_len, exp _len 

LIsp Syntax 

CMSR:u-halftone (dithered-picture-field picture-field len) 

CMSR: f-halftone (dithered-picture-field,picture-field, signif-len, exp-len) 
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ARGUMENTS 
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dithered -picture Jield 

picture Jield 

A 1-bit field. The halftoned image is written to this field. 

A field containing the image to be halftoned. 

For CMSR_u_halftone, the first 8 bits of this field are used to 
compute dithered -picture Jield. 

For CMSR_f_halftone the color values must be floating-point 
values in the range of 0 to 1. Negative values or values greater 
than 1 are clipped to this range. 

len For CMSR_u_halftone, the length ofpictureJield. 

signif_Ien, exp _len 
For CMSR_f_halftone, the length of the significand and 
exponent, respectively, of the floating-point values in picture_ 
field. 

NOTE: dithered -picture Jield and picture Jield must be in the same two-dimensional 
VP set. 

DESCRIPTION 

CMSR_f_halftone and CMSR_u_halftone convert a grayscale image in picture_ 
field to a 1-bit per pixel image in dithered -picture Jield that you can display on a one­
plane black and white monitor. 

These functions convert the color values in picture Jield into patterns of black and 
white pixels in the destination field that approximate the gray shadings of the original 
image; darker areas have a greater density of black pixels; and lighter areas include 
more white pixels. This converted image may then be displayed on a I-bit display. 

Note, however, that some spatial resolution is lost. The boundaries between objects in 
the converted image are less well defmed than in the original, and some image detail 
maybe lost. 

Specifically, CMSR u halftone and CMSR f halftone use a 5th-order dot-diffu--- --
sion algorithm to simulate 64 levels of gray intensity. See CMSR_f_halftone_dot_ 
diffusion for more detail. 

*Render also include two functions, CMSR _ u_rgb_ to _gray and CMSR_ f_rgb _ to_ 
gray, which convert color images expressed as ROB values to grayscale images. 
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CMSR_u_halftone dot diff 
CMSR_f_halftone_dot_diff 

Converts a grayscale unsigned integer (floating-point) image to a I-bit, black and white 
image using a selected dot-diffusion algorithm. 

SYNTAX 

C Syntax 

'include <cm/cmsr.h> 

void 
CMSR u halftone dot diff -- --

(dithered""picture Jield, picture Jield, order, len) 

eM_field _ id _ t dithered ""picture Jield, picture Jield; 
int order; 
unsigned int len; 

void 
CMSR.-f _halftone_dot _ difl (dithered ""picture Jield, picture Jield, order, 

signiLlen, exp _len) 

eM_field _ id _ t dithered ""picture Jield, picture Jield ; 
int order,' 
unsigned int signif_len, exp _len; 

Fortran Syntax 

INCLUDE '/usr/include/cm/cmsr-fort.h' 

SUBROUTINE CMSR.-tJ _ HALF'lONE _DOT _DIFF 
, (ditheredyictureJield,pictureJield, order, len) 

INTEGER dithered yicture Jield, picture Jield 
INTEGER order 
INTEGER len 

SUBROUTINE CMSR F HALF'lONE DOT DIFF -- -
, (dithered yicture Jield, picture Jield, order, signif_len, exp _len) 

INTEGER dithered yicture Jield, picture Jield 
INTEGER order 
INTEGER signif_len, exp _len 
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Lisp Syntax 

CMSR:u-halftone-dot-diff 
(dithered-picture-field, picture-field, order, len) 

CMSR:d-halftone-dot-diff 
(dithered-picture-field, picture-field, order, signif-len, exp-len) 

ARGUMENTS 

dithered yicture ..field 

picture ..field 

A I-bit field. The halftoned image is written to this field. 

A field containing the image to be halftoned. 

For CMSR_u_halftone_dot_diff, the first 8 bits of this field 
are used to compute dithered yicture ..field. 

For CMSR_f_halftone_dot_diff, the color values must be 
floating-point values in the range of 0 to 1. Negative values or 
values greater than 1 are clipped to this range. 

Note: dithered yicture ..field and picture ..field must be in the same two-dimensional 
VP set. 

order 

len 

signif_len, exp _len 

318 

The desired order of the dither matrix used to halftone 
picture ..field. Orders 0 to 5 are supported as follows: 

• 

• 

• 

• 

order = 0: ''rounds'' the picture ..field color value to near­
est black or white 

order = 1: picture ..field color values reduced to 4 intensi­
ties 

order = 2 or 3: picture..field color values reduced to 16 
intensities 

order = 4 or 5: picture..field color values reduced to 64 
intensities 

ForCMSR f halftone dot diff, thelengthofthesignificand -- --
and exponent, respectively, of the floating-point values in picture_ 
field. 
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DESCRIPTION 

CMSR_u_halftone_dot_diff and CMSR_f_halftone_dot_diff convert a 
grayscale image in picture Jield to a I-bit-per-pixel image in dithered yicture Jield 
using a dither matrix of a specified order. The converted image is suitable for display 
on a one-plane, black and white monitor. 

Grayscale images supply a single color value per pixel that maps to a color look-up 
table of gray intensity levels. For example, an 8-bit grayscale display provides 256 in­
tensity levels with which to render the object. Each pixel may be set to one of those 
intensity levels, supporting a continuous range of shading. 

Single-bit, "monotone," displays support only two settings for each pixel, on or off, 
white or black. In order to display a grayscale image on a I-bit display, the grayscale 
intensity at each pixel must be resolved to either white or black. 

The simplest way to do this is to "round" the gray intensity to the nearest I-bit value, 
either white or black. Pixels whose intensity is less than .5 are rounded to black, pixels 
greater than .5 are rounded to white. This produces an image with sharp contrast and 
with a considerable loss of image detail, since entire ranges of gray shadings are lost. 
This is the method used by CMSR_u_halftone_dot_diff or CMSR_f_half­
tone dot diff with an order of o. - -
Dot-diffusion methods retain more of the visual detail of the image by replacing the 
grayscale intensities in the original image with a pattern of black and white pixels; the 
value of a single grayscale pixel is combined with neighboring pixels and "diffused" 
over an area of the single-bit image. Darker areas have a greater density of black pixels, 
and lighter areas include more white pixels. The viewer perceives these areas as gray­
scale intensities. 

Lower dither orders retain spatial resolution in the converted image at the expense of 
visual resolution. That is, they produce simple, high-contrast images in which the loca­
tion of the objects is clearly defined but details of shading are lost. Higher-order dithers 
retain visual resolution at the expense of spatial resolution. That is, they retain more of 
the levels of shading in the original image, giving the impression of a more detailed 
image; but individual points from the original image are diffused over a larger area, 
reducing the image contrast and making the boundaries of the original objects less 
clear. 

*Render also include two functions, CMSR f rgb to gray and CMSR u rgb to -- - - -- --
gray, that convert color images expressed as ROB values to grayscale images. 
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CMSR_u_halftone_err_prop 
CMSR_f_halftone_err_prop 

Converts a grayscale unsigned integer (floating-point) image to a I-bit image using error 
propagation. 

SYNTAX 

CSyntax 

'include <cm/cmsr.h> 

void 
CMSR _ u _halftone_err ""prop (dithered yicture .field, picture .field, len) ; 

CMSR _field _ id _ t dithered yicture .field, picture .field; 
unsigned int len; 

void 
CMS~f_halftone_err""prop 

(dithered yicture .field, picture ..field, signifJen, exp _len) ; 

eM_field _ id _ t dithered yicture .field, picture .field; 
unsigned int signifJen, exp _len; 

Fortran Syntax 

INCLUDE '/usr/include/cm/cmsr-fort.h' 

SOBROO'l'INE CMSR tJ HALFTONE ERR PROP -- --
, (dithered yicture Jield, picture Jield, len) 

INTEGER dithered yicture Jield, picture Jield 
INTEGER len 

SOBROO'l'INE CMSR F HALFTONE ERR PROP -- --
, (dithered 'picture ..field, picture Jield, signifJen, exp _len) 

INTEGER dithered yicture Jield, picture .field 
INTEGER signif_Ien, exp _len 
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LIsp Syntax 

CMSR: f-halftone-err-prop (dithered~icture-.field, picture-field, len) 

CMSR:d-halftone-error-prop 
(dithered~icture-.field, picture-field, signif-len, exp-len) 

ARGUMENTS 

dithered yicture Jield 

picture Jield 

len 

signif_len, exp _len 

A I-bit field The halftoned image is written to this field. 

A field containing the image to be halftoned. 

For CMSR _ u _halftone_err ""prop, the first 8 bits of this field 
are used to compute dithered yicture Jield. 

For CMSR_f_halftone_err""prop, the color values must be 
floating-point values in the range of 0 to 1. Negative values or 
values greater than 1 are clipped to this range. 

For CMSR_u.Jlalftone_err""prop, the length ofpictureJield. 

For CMSR_ f _halftone_err ""prop, the length of the significand 
and exponent, respectively, of the floating-point values in 
picture Jield. 

NOTE: dithered yicture Jield and picture Jield must be in the same two-dimensional 
VP set. 

DESCRIPTION 

CMSR _ u _halftone_err ""prop and CMSR _ f _halftone_err ""prop convert a 
grayscale image in picture Jield to a I-bit-per-pixel image in dithered yicture Jield 
and apply error propagation to improve the visual quality of the image. The converted 
image is suitable for display on a one-plane, black and white monitor. 

Grayscale images supply a single color value per pixel that maps to a color look-up 
table of gray intensity levels. For example, an 8-bit grayscale display provides 256 in­
tensity levels with which to render the object. Each pixel may be set to one of those 
intensity levels, supporting a continuous range of shading. 
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Single bit, black and white or monotone, displays support only two settings for each 
pixel, on or off: white or black. In order to display a grayscale image on a I-bit display, 
the grayscale intensity at each pixel must be resolved to either white or black. 

Error propagation compares the grayscale value to a threshold value to determine 
whether the cOlTesponding I-bit pixel should be on or off. But the algorithm then also 
distributes the "error" of that decision to neighboring pixels. That is, if a pixel is turned 
off because its color value is just below the threshold, error propagation increases the 
likelihood that the neighboring pixels are turned on. The effect is to produce patterns of 
black and white pixels that approximate the grayscale intensities of the original image. 

The elTor propagation applied by these functions produces visual resolution compara­
ble to the Sib-order dot diffusion applied by CMSR u halftone dot diffusion or -- --
CMSR_f_halftone_dot_diffusion. 
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CMSR_f_rgb_to_gray 
CMSR_u_rgb_to_gray 

Converts RGB floating-point (unsigned integer) data to grayscale. 

SYNTAX 

C Syntax 

'include <cm/cmsr.h> 

void 
CMSR_f_rqb_to_qray 

(gray Jield, red Jield, green Jield, blue Jield, signifJen, exp _len) 

CM_field_id_t grayJield; 
CM_field_id_t redJield, greenJield, blueJield; 
unsigned int signifJen, exp _len; 

void 
CMSR _ u _ rqb _to _qray (gray Jield, red Jield, green Jield, blue Jield, len) 

CM_field_id_t grayJield; 
CM_field_id_t redJield, greenJield, blueJield; 
unsigned int len; 

Fortran Syntax 

INCLUDE'/usr/include/cm/cmsr-fort.h' 

SUBROUTINE CMSR F RGB TO GRAY -- --
, (gray Jield, red Jield, green Jield, blue Jield, signif_len, exp _len) 

INTEGER gray Jield 
IN'l'EGER redJield, greenJield, blueJield 
INTEGER signif_len, exp _len 

SUBROUTINE CMSR 0 RGB TO GRAY -- --
, (gray Jield, red Jield, green Jield, blue Jield, len) 

INTEGER gray Jield 
INTEGER red Jield, green Jield, blue Jield 
INTEGER len 
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Lisp Syntax 

CMSR:f-rgb-to-gray 
(gray-field, red-field, green-field, blue-field, signif-Ien, exJrlen) 

CMSR:u-rgb-to-gray (gray-field, red-field, green-field, blue-field, len) 

ARGUMENTS 

grayJield The grayscale image is written to this field. 

red Jield, green Jield, blue Jield 

len 

signif Jen, exp Jen 

The fields containing the red, green, and blue color values to be 
converted 

For CMSR _ u _ rgb _to_gray, the first 8 bits of each field are used 
to compute gray Jield. 

For CNSR_f_rgb_to_gray, the color values must be 
floating-point values in the range of 0 to 1. Negative values or 
values greater than 1 are clipped to this range. 

For CMSR_u_rgb_to_gray, the length ofredJield, greenJield, 
and blue Jield. 

For CMSR _ f _halftone_err ..,prop, the length of the significand 
and exponent, respectively, of the floating-point values in 
red Jield, green Jield, and blue Jield 

Note: The fields grayJield, redJield, greenJield, and blueJield. must all be in the 
same two-dimensional VP set. 

DESCRIPTION 

For each processor in the current. VP set, CMSR.-f_rgb_to_gray and CNSR_u_rgb_ 
to_gray convert the triplet of red, green, and blue color values in the fields gray Jield, 

redJield, greenJield, and blue Jield to a single grayscale value in the field gray Jield. The 
converted image is suitable for display on a grayscale monitor or for conversion to a 
I-bit monotone image using the *Render dot-diffusion or error propagation routines. 

CMSR _ f _rgb _ to _gray and CMSR _ u_ rgb _to_gray compute the 'V' term in the YIQ 
color model in the same way a black and white TV set turns a color signal into a bright-
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ness signal. Specifically, these functions compute a linear combination of ROB as 
follows: Y = .3 * R + .59 * G + .11 * B 
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This index lists the *Render routines alphabetically. 

CMSR_c 
CMSP._CIIlY_ to_rgb, 301 

CMSR_d 
CMSP. _ dag_ to _ rad, 310 

CMSP._draw_image,66 

CMSR_f 
CMSP._f_clip_lines,56 
CMSP._f_draw_line,40 

CMSP._f_drawJ»Oint, 19 
CMSP. _ f _draw J»Oint _3d, 23 
CMSP._fe_CIIlY_to_rgb,164 
CMSP._fe_dag_to_rad, 173 
CMSP._f._draw_r.ctangl~69 

CMSp._fa_f_draw_lin.,48 

CMSP._fe_f_drawJ»oint, 30 
CMSR_fe_f_drawJ»Oint_3d, 33 
CMSP._fe_hsl_to_rgb,170 
CMSP._fe_hsv_to_rgb, 168 
CMSP._f._identity_matrix_2d,131 
CMSP. fa identity matrix 3d, 131 

, - - - -
CMSP._fa_m_copy_2d, 133 
CMSP._f._m_copy_3d, 133 
CMSP._fe_m_daterminant_2d, 135 
CMSP._fe_m_determinant_3d, 135 

CMSR_fe_m_invart_2d, 137 
CMSP._fa_m_invart_3d, 137 
CMSP._fa_m_multiply_2d,139 
CMSP._fe_m_multiply_3d, 139 

CMSP._fa_mJ»rint_2d,141 
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CMSp._f._mJ»rint_3d, 141 
CMSP._f._Obliqu.J»roj_matri~143 

CMSP._f._orthoJ»roj_matri~ 145 
CMSP._f.J8rspactiV8_matrix, 147 
CMSP._f.,..P.rspactiV8,..Proj_matri~ 149 
CMSP._f._rad_to_dag,173 
CMSP._f._rgb_to_CIIlY, 164 
CMSp._f._rgb_to_hsl,170 

CMSP._f._rgb_to_hsv,168 
CMSP._f._rgb_to-yi~166 

CMSP. f. rotation matrix 2d, 151 - - - -
CMSP. f. scala matrix 2d, 153 - - - -
CMSP. f. scala matrix 3d, 153 - - - -
CMSP._f._s_draw_lin.,52 

CMSP._f._s_drawJ»oint, 37 
CMSP. f. translation matrix 2d, 155 - - --
CMSP. f. translation matrix 3d, 155 - - --
CMSP._f._v_abs_2d, 93 
CMSP._f._v_abs_3d, 93 
CMSP. f. v abs squared 2d, 95 - -- - -
CMSP. f. v abs squared 3d, 95 - -- - -
CMSP._f._v_add_2d, 97 
CMSP._f._v_add_3d, 97 
CMSP._f._v_copy_2d, 99 
CMSP._fe_v_copy_3d, 99 
CMSP. fe v cos betwe.n 2d, 101 - -- - -
CMSP. fe v cos between 3d, 101 - - - - -
CMSP._ fe _ v_cross "'product_3d, 103 

CMSP._fe_v_dot"'product_2d, 105 
CMSP._fe_v_dotJ»roduct_3d, 105 
CMSR_fe_vi.w_matri~ 157 
CMSR_fe_view"'proj_matrix, 159 
CMSP. fe v is z.ro 2d, 107 - -- - -
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CNSR_fe_v_is_zero_3d, 107 
CNSR_fe_v_negate_2d, 109 
CNSR_fe_v_negate_3d, 109 

CNSR_fe_v_normalize_2d,111 
CNSR_fe_v_normalize_3d, 111 

CNSR_fe_v-P8rpendicular_2d, 113 
CNSR_fe_v-P8rpendicular_3d, 113 
CNSR_fe_vJ>rint_2d, 115 
CNSR_fe_vJ>rint_3d, 115 
CNSR_fe_v_reflect_2d, 117 
CNSR_fe_v_reflect_3d, 117 

CNSR_fe_v_scale_2d, 119 
CNSR_fe_v_scale_3d, 119 
CNSR_fe_v_subtract_2d,121 

CNSR_fe_v_subtract_3d, 121 
CNSR_fe_v_transforDL,2d, 123 
CNSR_fe_v_transforID_3d, 123 
CNSR_fe_v_transmit_3d, 126 
CNSR_fe_x_rotation_matrix_3d, 161 

CNSR_fe-yi~to_rgb,166 

CNSR_fe-y_rotation_matrix_3d, 161 
CNSR_fe_z_rotation_matrix_3d, 161 
CNSR_f_halftone,315 
CNSR_f_halftone_dot_diff,317 
CNSR_f_halftone_errJ>rop,320 
CNSR_f_rgb_to_gray,323 

CMSR_h 
CNSR_hsl_to_rgb,307 
CNSR_hsv_to_rgb,305 

CMSR_i 
CNSR_identity_matrix_2d, 246 
CNSR _ identi ty_ matrix_3d, 246 
CNSR_initialize_z_buffer,17 

CMSR_m 
CNSR_m_alloc_heap_field_2d, 248 
CNSR_m_alloc_heap_field_3d, 248 
CNSR_m_alloc_stack_field_2d,250 
CNSR_m_alloc_stack_field_3d, 250 
CNSR_m_copy_2d, 252 
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CNSR_m_copy_3d, 252 
CNSR_m_copy_const_2d,254 

IIII III lilill iIIl!lIiiiil 

CNSR_ m _ copy_ const_ 3d, 254 

CNSR_m_determinant_2d, 256 
CNSR_m_determinant_3d, 256 

CNSlL m _field_length, 258 
CNSR _ D'-invert _2d, 260 
CNSR _ m _ invert_3d, 260 

CNSR_m_multiply_2d,262 
CNSR_m_multiply_3d,262 
CNSR_m_multiply_const_2d, 265 
CNSR_m_multiply_const_3d, 265 
CNSR_mJ>rint_2d,268 
CNSR _ m J>rint _3d, 268 

CNSR_m_read_fromJ>rocessor_2d, 270 

CNSR_m_read_fromJ>rocessor_3d, 270 
CNSR_m_ref.-2d, 273 
CNSR_m_ref_3d, 273 
CNSR_m_write_toJ>rocessor_2d,275 
CNSR_m_write_toJ>rocessor_3d, 275 

CMSR_r 
CNSR_rad_to_deg,310 
CNSlLread_array_from_field, 79 
CNSR_read_array_from_field_l,82 
CNSR_rgb_to_cmy,301 ' 

CNSR_rgb_to_hsl,307 
CNSR_rgb_to_hsv,305 
CNSR_rgb_to-yiq, 303 
CNSR_rotation_const_matrix_2d, 278 
CNSR_rotation_matrix_2d, 280 

CMSR_s 
CNSR_scale_const_matrix_2d, 282 
CNSR _scale _ const _matrix_3d, 282 

CNSR_scale_matrix_2d, 285 
CNSR_scale_matrix_3d, 285 

CNSR_s_clip_lines,59 
CNSR_B_draw_line,44 

CNSR_B_drawJ>Oint, 27 
CNSR_s_draw_sphere,62 
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CMSR_trans_const_DI&trix_2d, 288 
CMSR_trans_const_matrix_3d, 288 
CMSR_translation_matrix_2d, 291 
CMSR_translation_matrix_3d, 291 

CMSR_u 
CMSR_u_halftone,315 
CMSR_u_halftone_dot_dif~317 

CMSR_u_halftone_err-prop,320 
CMSR_u_rqb_to_qray,323 

CMSR_v 
CMSR_v_abs_2d, 177 
CMSR_V_abs_3d,177 
CMSR_v_abs_squared_2d, 179 
CMSR_v_abs_squared_3d, 179 
CMSR_v_add_2d, 181 
CMSR_v_add_3d, 181 
CMSR_v_alloc_heap_field_2d, 183 
CMSR_v_alloc_heap_field_3d, 183 
CMSR_v_alloc_stack_field_2d, 185 
CMSR_v_alloc_stack_field_3d, 185 
CMSR_v_copy_2d, 187 
CMSR_v_copy_3d, 187 

CMSR_v_copy_const_2d, 189 
CMSR_v_copy_const_3d, 189 
CMSR_v_cos_between_2d, 192 
CMSR_v_cos_between_3d, 192 
CMSR_v_cross-product_3d, 195 

CMSR_v_dot-product_2d, 197 
CMSR_ v _dot-product_3d, 197 
CMSR _ v_field _lenqth, 200 
CMSR_v_is_zero_2d, 202 
CMSR_v_is_zero_3d, 202 
CMSR_v_neqate_2d, 204 
CMSR_v~eqate_3d,204 

CMSR _ v_normalize _ 2d, 207 
CMSR _ v_normalize _ 3d, 207 

CMSR_v-P8rpendicular_2d,210 
CMSR_v-P8rpendicular_3d,210 
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CMSR_v-print_2d, 213 
CMSR_v-print_3d, 213 
CMSR_v_read_from-processor_2d, 215 
CMSR_v_read_from-processor_3d, 215 
CMSR _ v_reflect _ 2d, 218 

CMSR_v_reflect_3d, 218 
CMSR_v_ref_x, 221 
CMSR_v_refJ,221 
CMSR_v_ref_z,221 
CMSR _ v_scale _ 2d, 223 
CMSR _ v_scale _ 3d, 223 
CMSR _ v_scale _ const _ 2d, 226 

CMSR_v_scale_const_3d, 226 
CMSR _ v_subtract _ 2d, 229 

CMSR _ v_subtract _3d, 229 

CMSR_v_transforID_2d, 232 
CMSR_v_transforID_3d, 232 
CMSR_v_transforID_const_2d,235 
CMSR_v_transforID_const_3d, 235 
CMSR_v_transmit_3d, 238 
CMSR_v_write_to-processor_2d, 241 
CMSR _ v _ wri te _ to -processor_3d, 241 

CMSR_w 
CMSR_write_array_to_field, 71 
CMSR_write_array_to_field_l,74 

CMSR_x 
CMSR x rotation_const_matrix_3d, 294 

CMSR_x_rotation_matrix_3d, 297 

CMSR...,Y 
CMSRJi~to_rqb,303 

CMSRJ_rotation_const_matrix_3d, 294 
CMSRJ_rotation _matrix_3d, 297 

CMSR_z 
CMSR_z_rotation_const_matrix_3d, 294 
CMSR_z_rotation_matrix_3d, 297 
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2d 
CMSR_fe_identity_matrix_2d, 131 
CMSR_fe_m_copy_2d, 133 
CMSR_fe_m_detenainant_2d, 135 
CMSR_fe_m_invert_2d, 137 
CMSR_fe_m_multiply_2d, 139 

CMSR_fe_m-frint_2d,141 
CMSR_fe_rotation_matrix_2d,151 
CMSR_fe_scale_matrix_2d, 153 
CMSR_fe_translation_matrix_2d, 155 
CMSR_fe_v_abs_2d, 93 
CMSR_fe_v_abs_squared_2d, 95 
CMSR_fe_v_add_2d, 97 
CMSR_fe_v_copy_2d, 99 
CMSlLfe_v_cos_between_2d, 101 
CMSR_fe_v_dot-froduct_2d,105 
CMSR_fe...;v_is_zero_2d, 107 
CMSR_fe_v_negate_2d, 109 
CMSR_fe_v_nonlalize_2d, 111 
CMSR _ fe _v -f8rpendicular _ 2d, 113 

CMSR_fe_v-frint_2d, 115 
CMSR_fe_v_reflect_2d, 117 
CMSR_fe_v_scale_2d, 119 
CMsR_fe_v_subtract_2d, 121 
CMSR_fe_ v _ transfoDL2d, 123 

CMSR_identity_matrix_2d, 246 
CMSR_m_alloc_heap_field_2d,248 
CMSR_m_alloc_stack_field_2d,250 

CMSR_DLcOPY_2d, 252 
CMSR_m_copy_const_2d, 254 
CMSR_m_detenainant_2d, 256 
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CMSR _m _invert..2d, 260 
CMSR_m_DlUltiply_2d, 262 
CMSR_m_DlUltiply_const_2d,265 

CMSR_m-frint_2d,268 
CMSR_m_read_from-frocessor_2d, 270 
CMSR_m_ref_2d, 273 
CMSR_m_write_to-frocessor_2d, 275 
CMSR_rotation_const_matrix_2d, 278 
CMSR_rotation_matrix_2d, 280 
CMSR_scale_const_matrix_2d, 282 
CMSR_scale_matrix_2d, 285 
CMSR_trans_const_matrix_2d, 288 
CMSR_translation_matrix_2d, 291 
CMSR_v_abs_2d, 177 
CMSR _v _ abs _squared _ 2d, 179 

CMSR_v_add_2d, 181 
CMSR_v_alloc_heap_field_2d, 183 
CMSR_v_alloc_stack_field_2d, 185 
CMSR_v_copy_2d, 187 
CMSR_v_copy_const_2d, 189 
CMSR_v_cos_between_2d,192 
CMSR _ v_dot -froduct _ 2d, 197 

CMSR_v_is_zero_2d, 202 

CMSR_v_negate_2d, 204 
CMSR _ v_normalize _ 2d, 207 

CMSR_v-f8rpendicular_2d,210 

CMSR~v-frint_2d,213 

CMSR_v_read_from-frocessor_2d,215 
CMSR_v_reflect_2d, 218 

CMSR_v_scale_2d, 223 
CMSR _ v_scale _ const _ 2d, 226 
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2d (continued) 

CMSR_v_subtract_2d, 229 

III 

CMSR _ v_transform _ 2d, 232 
CMSR_v_transform_const_2d, 235 
CMSR_v_write_to-proC8ssor_2d,241 

3d 
CMSR_ f _draw -point_3d, 23 
CMSR_fe_f_draw-POint_3d, 33 
CMSR_fe_identity_matrix_3d, 131 
CMSR_fa_m_copy_3d, 133 
CMSR_fa_m_determinant_3d, 135 
CMSR_fa_m_invert_3d, 137 
CMSR_fa_m_multiply_3d, 139 
CMSR_fe_m-print_3d, 141 
CMSR_fa_scala_matrix_3d, 153 
CMSR_fa_translation_matrix_3d, 155 
CMSR_fe_v_abs_3d, 93 
CMSR_ fe _v _ abs _squared_3d, 95 
CMSR_fa_v_add_3d, 97 
CMSR_fa_v_copy_3d, 99 
CMSR_fa_v_cos_batween_3d,101 
CMSR_fa_v_cross-product_3d, 103 
CMSR_fa_v_dot-product_3d,105 
CMSR_fa_v_is_zaro_3d, 107 
CMSR_fe_v_nagate_3d, 109 
CMSR_fe_v_normalize_3d, 111 
CMSR_fe_v-parpendiculAr_3d, 113 
CMSR_fe_v-print_3d, 115 
CMSR_fa_v_reflact_3d, 117 
CMSR_fa_v_scala_3d, 119 
CMSR_fe_v_subtract_3d, 121 
CMSR _ fe _v _ transform_3d, 123 
CMSR _fa _v _ transmit_3d, 126 
CMSR_fe_x_rotation_matrix_3d, 161 
CMSR_feJ_rotation_matrix_3d, 161 
CMSR_fe_z_rotation_matrix_3d, 161 
CMSR_identity_matrix_3d, 246 
CMSR_m_alloc_heap_field_3d, 248 
CMSR.-m _ a11oc_ stack_field _3d, 250 
CMSR_m_copy_3d, 252 
CMSR _ IlL copy_ const _3d, 254 
CMSR_m_detarminant_3d, 256 
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CMSR _ m_ invert_3d, 260 

CMSR_m_multiply_3d, 262 
CMSR_m_multiply_const_3d, 265 
CMSR_m-print_3d, 268 
CMSR_m_read_from-processor_3d, 270 
CMSR_m_ref_3d, 273 
CMSR_IILwrita_to-processor_3d, 275 
CMSR_scale_const_matrix_3d, 282 
CMSR _scale_matrix _3d, 285 
CMSR_trans_const_lD8trix_3d, 288 
CMSR_translation_matrix_3d, 291 
CMSR_v_abs_3d,177 
CMSR _ v _ abs _squared_3d, 179 
CMSR_v_add_3d, 181 
CMSR _ v _ a11oc_ heap_field _3d, 183 

CMSR_v_a11oc_stack_field_3d, 185 
CMSR_v_copy_3d, 187 
CMSR_v_copy_const_3d, 189 
CMSR _ v_cos _between_3d, 192 
CMSR.-v_cross-product_3d, 195 
CMSR _ v_dot -product_3d, 197 
CMSR_v_is_zero_3d, 202 
CMSR _ v_negate _ 3d, 204 
CMSR _ v _ normaliza _ 3d, 207 
CMSR _ v -perpendicular_3d, 210 
CMSR_v-print_3d, 213 
CMSR _ v_read _from -processor_3d, 215 
CMSR_v_reflect_3d, 218 
CMSR _ v_scala _ 3d, 223 
CMSR _ v_scale _ const _3d, 226 
CMSR _ v_subtract _ 3d, 229 . 

CMSR_ v_transform _3d, 232 
CMSR.-v_transfoDlLconst_3d, 235 
CMSR_v_transmit_3d, 238 
CMSR_v_write_to-processor_3d, 241 
CMSR_x_rotation_coDst_lD8trix_3d, 294 
CMSR_x_rotation_lD8trix_3d, 297 
CMSRJ_rotation_const_matrix_3d, 294 
CMSRJ_rotation_matrix_3d, 297 
CMSR_z_rotation_const_matrix_3d, 294 
CMSR_z_rotation_matrix_3d, 297 
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abs 
CMSR_fe_v_ab._2~93 

CMSR_fe_v_ab._3~ 93 
CMSR_fe_v_ab._.quared_2~ 95 
CMSR_fe_v_ab._squared_3~ 95 
CMSR_v_abs_2~ 177 
CMSR_v_ab._3~ 177 
CMSR_v_abs_.quared_2~ 179 
CMSR_v_ab._squared_3~ 179 

add 
CMSR_fe_v_add_2~ 97 
CMSR_fe_v_add_3~ 97 
CMSR_v_add_2~ 181 
CMSR_v_add_3~ 181 

alloc 
CMSR_m_alloc_heap_field_2~ 248 
CMSR_m_alloc_heap_field_3~248 

CMSR_m_alloc_.tack_field_2~ 250 
CMSR_m_alloc_.tack_field_3~ 250 
CMSR_v_alloc_heap_field_2~ 183 
CMSR_v_alloc_heap_field_3~ 183 
CMSR_v_alloc_stack_field_2~ 185 
CMSR_v_alloc_stack_field_3~ 185 

array 
CMSR_read_array_from_fiel~ 79 
CMSR_read_arraY_from_field_l,82 
CMSR_write_array_to_fiel~71 

CMSR_write_array_to_field_l,74 

clip 
CMSR_f_clip_lines,56 
CMSR_._clip_line.,59 

cmy 
CMSR_cmy_to_rgb,301 
CMSR_fe_CDlY_to_rgb,l64 
CMSR_fe_rgb_to_CDlY, 164 
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const 
CMSR_m_copy_const_2~ 254 
CMSR_m_copy_const_3~ 254 
CMSR_m_multiply_con.t_2~ 265 
CMSR_m_multiply_con.t_3~ 265 
CMSR_rotation_con.t_matrix_2~ 278 
CMSR_.cale_con.t_matrix_2~ 282 
CMSR _scale_const_matrix_3~ 282 
CMSR_trans_con.t_matrix_2~ 288 
CMSR_trans_con.t_matrix_3~ 288 
CMSR_v_copy_con.t_2~ 189 
CMSR_v_copy_const_3~ 189 
CMSR_v_scale_const_2~ 226 
CMSR_ v _8cale_const_3~ 226 
CMSR_v_transfoXIII_const_2~ 235 
CMSR_v_transform_const_3~ 235 
CMSR_x_rotation_const_matrix_3~ 294 
CMSR.....Y_rotation_con.t_matrix_3~ 294 
CMSR_z_rotation_const_matrix_3~ 294 

copy 
CMSR_f._m_copy_2~ 133 
CMSR_fe_m_copy_3~ 133 
CMSR_fe_v_copy_2~ 99 
CMSR_fe_v_copy_3~ 99 
CMSR_m_copy_2~252 

CMSR_m_copy_3~ 252 
CMSR_m_copy_con.t_2~ 254 
CMSR_m_copy_const_3~ 254 
CMSR_v_copy_2~ 187 
CMSR_v_copy_3~ 187 
CMSR_v_copy_const_2~ 189 
CMSR_v_copy_const_3~ 189 

cos_between 
CMSR_fe_v_cos_between_2~ 101 
CMSR_fe_v_co._between_3~ 101 
CMSR_v_cos_between_2~192 

( CMSR_v_cos_between_3~ 192 
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cross-product 
CMSR_~._v_cross~roduct_3~103 

CMSR_v_cross~roduct_3~ 195 

deg 
CMSR_deg_to_ra~ 310 
CMSR_f._deg_to_ra~ 173 
CMSR_fe_rad_to_deg,173 
CMSR_rad_to_deg,310 

determinant 
CMSR_~a_m_deteJ:lllinant_2~ 135 
CMSR_~e_m_deteJ:lllinant_3~ 135 
CMSR_m_deteJ:lllinant_2~ 256 
CMSR_m_deteJ:lllinant_3~ 256 

dot_diff 
CMSR_~_hal~tone_dot_dif~317 

CMSR_u_hal~tona_dot_di~f, 317 

dot_product 
CMSR_fe_v_dot~roduct_2~ 105 
CMSR_fe_v_dot~roduct_3~ 105 
CMSR_v_dot~roduct_2~ 197 
CMSR_v_dot~roduct_3~ 197 

draw 
CMSR_draw_ima98,66 
CMSR_~_draw_line,40 

CMSR_~_draw~int, 19 
CMSR_~_draw~oint_3~23 

CMSR_~e_draw_rectangle,69 

CMSR_~._~_draw_line,48 

CMSR_~._~_draw';"point, 30 
CMSR_~a_~_draw~int_3~ 33 
CMSR_~e_s_draw_line,S2 

CMSR_~e_s_draw~int, 37 
CMSR_s_draw_lina,44 
CMSR_s_draw~int,27 

CMSR_s_draw_sphare,62 
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err-prop 
CMSR_~_halftone_err~rop,320 

CMSR_u_halftone_err~rop,320 

-'-
CMSR_f_clip_lines,S6 
CMSR_f_draw_line,40 
CMSR_f_draw~int, 19 
CMSR_f_draw~oint_3~ 23 
CMSR_fe_f_draw_line,48 
CMSR_fe_~_draw~oint, 30 
CMSR_fe_~_draw~oint_3~33 

CMSR_f_halftona,31S 
CMSR_f_halftone_dot_di~f,317 

CMSR_f_halftone_err~rop,320 

CMSR_f_rgb_to_gray,323 

fe 
CMSR_fe_rgb_to_hsv, 168 
CMSR_~a_rgb_toJiq, 166 
CMSR_fe_rotation_matrix_2~ 151 
CMSR_fe_scala_matrix_2~ 153 
CMSR_~e_scale_matrix_3~ 153 
CMSR_fe_s_draw_line,S2 
CMSR_fe_s_draw~int, 37 
CMSIL~e_translation_matrix_2~ ISS 
CMSR_fa_translation_matrix_3~ ISS 
CMSR_fa_v_abs_2~ 93 
CMSR_fe_v_abs_3~ 93 
CMSR_fe_ v _abs_squared_2~ 95 
CMSR_fe_v_abs_squared_3~ 95 
CMSR_fe_v_add_2~ 97 
CMSR_fe_v_add_3~ 97 
CMSR_fe_v_copy_2~ 99 
CMSR_fe_v_copy_3~ 99 
CMSR_fe_v_cos_between_2~ 101 
CMSR_fa_v_cos_between_3~ 101 
CMSR_fe_v_cross~roduct_3~ 103 
CMSlLfe_v_dot~roduct_2~ 105 
CMSR_fe_v_dot~roduct_3~ 105 
CMSR_fe_view_matrix, 157 
CMSR_fe_view~roj_matrix, 159 
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fe (continued) 

CMSll_ fe _v_is _zero _ 2d, 107 

CMSll_fe_v_is_zero_3d, 107 
CMSll_fe_v_neqate_2d, 109 
CMSll_fe_v_neqate_3d, 109 
CMSll_ fe _v_normalize _ 2d, 111 

CMSll_ fe _v_normalize _ 3d, 111 
CMSll_fe_v~rpendicular_2d, 113 
CMSll_ fe _ v ~rpendicular _ 3d, 113 

CMSll_fe_v~rint_2d,115 

CMSll_fe_v~rint_3d, 115 
CMSll_fe_v_reflect_2d, 117 

CMSll_fe_v_reflect_3d, 117 
CMSll_fe_v_scale_2d, 119 
CMSll_fe_v_scale_3d, 119 
CMSll_fe_v_subtract_2d, 121 
CMSll_ fe _ v_subtract _3d, 121 

CMSll_fe_v_transfoDL2d, 123 
CMSll_fe_v_transform_3d, 123 
CMSll_ fe _v _ tranami t_ 3d, 126 
CMSll_ fe _x_rotation _ matrix_3d, 161 

CMSll_feJiCl.,.to_rqb, 166 
CMSll_feJ_rotation_matrix_3d, 161 
CMSll_ fe _ z _rotation_matrix _ 3d, 161 

field 
CMSll_m_alloc_heap_field_2d, 248 
CMSll_ m _ alloc _heap_field _3d, 248 
CMSll_m_alloc_stack_field_2d, 250 
CMSll_m_alloc_stack_field_3d, 250 
CMSll_m_field_lenqth,258 
CMSll_read_array_from_field, 79 
CMSll_read_arraY_from_field_l,82 
CMSll_v_alloc_heap_field_2d, 183 
CMSll_v_alloc_heap_field_3d, 183 
CMSll_v_alloc_stack_field_2d, 185 
CMSll_v_alloc_stack_field_3d, 185 
CMSll_v_field_lenqth,200 
CMSll_ wri te _array_to _field, 71 
CMSll_write_array_to_field_l,74 
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gray 
CMSll_f_rqb_to_qray,323 
CMSll_u_rqb_to_qray,323 

II II !I 

halftone 
CMSll_f_halftone,315 
CMSll_f_halftone_dot_dif~317 

CMSll_f_halftone_err~rop,320 

CMSll_u_halftone,315 
CMSll_u_halftone_dot_dif~317 

CMSll_u_halftone_err~rop,320 

heap_field 
CMSll_m_alloc_heap_field_2d, 248 
CMSll-.m _alloc _heap_field _3d, 248 
CMSll_ v _ alloc _heap_field _2d, 183 
CMSll_v_alloc_heap_field_3d, 183 

hsl 
CMSll_fe_hsl_to_rqb,170 
CMSll_fe_rqb_to_hsl,170 
CMSll_hsl_to_rqb,307 
CMSll_rgb_to_hsl,307 

hsv 
CMSll_fe_hsv_to_rqb, 168 
CMSll_fe_rqb_to_hsv, 168 
CMSll_hsv_to_rqb,305 
CMSll_rqb_to_hsv,305 

identity 
CMSll_fe_identity_matrix_2d, l31 
cMsll_fe_identity_matrix_3d, 131 

CMSll_identity_matrix_2d, 246 
CMSll_identity_matrix_3d, 246 
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image 
CMSR_draw_image, 66 

initialize 

invert 
CMSR_fe_m_invert_2d, 137 
CMSR_fe_m_invert_3d, 137 
CMSR_m_invert_2d,260 

CMSR _ m _invert_3d, 260 

line 
CMSR_f_clip_lines,56 

CMSR_f_draw_line,40 

CMSR_fe_f_draw_line,48 

CMSR_fe_s_draw_line,52 

CMSR_s_clip_lines,59 

CMSR_s_draw_line,44 

_m_ 
CMSR_fe_m_copy_2d, 133 
CMSR_fe_m_copy_3d, 133 
CMSR_fe_m_cleterminant_2d, 135 
CMSR_fe_m_cleterminant_3d, 135 
CMSR_fe_m_invert_2d, 137 
CMSR_fe_m_invert_3d, 137 
CMSR_fe_m_lBUltiply_2d,139 

CMSR_fe_m_lBUltiply_3d, 139 
CMSR_fe_m-print_2d, 141 
CMSR_fe_m-print_3d, 141 
CMSR_m_alloc_heap_field_2d, 248 
CMSR_m_alloc_heap _field_3d, 248 
CMSR_m_alloc_stack_field_2d, 250 
CMSR_m_alloc_stack_field 3d, 250 
CMSR_m_copy_2d, 252 -
CMSR_m_copy_3d, 252 
CMSR_m_copy_const_2d, 254 
CMSR_m_copy_const_3d,254 

CMSR_m _ cleterminant_ 2d, 256 
CMSR_m_cleterminant_3d, 256 
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CMSJL m _field_length, 258 
CMSR_m_invert_2d, 260 
CMSR _ m _invert_3d, 260 
CMSR_m_lBUltiply_2d, 262 
CMSR_m_lBUltiply_3d, 262 
CMSR_m_lBUltiply_const_2d, 265 
CMSR_m_multiply_const_3d, 265 
CMSR_m-print_2d,268 

CMSR _ m -print_3d, 268 
CMSR_m_read_from-processor 2d, 270 
CMSR_ m _read_from -processor 3d, 270 
CMSR_m_ref_2d, 273 
CMSR_m_ref_3d, 273 
CMSR_m_write_to..,J>rocessor_2d, 275 
CMSR_m_write_to-processor_3d, 275 

matrix 
CMSR_fe_iclentity_matrix_2d, 131 
CMSR_fe_iclentity_matrix_3d, 131 
CMSR_fe_oblique-proj_matrix, 143 
CMSR_fe_ortho-proj_matrix, 145 
CMSR_fe-perspective_matrix, 147 
CMSR_fe J>8rspecti ve -proj_ matrix, 149 
CMSR_fe_rotation_matrix_2d, 151 
CMSR_fe_scale_matrix_2d, 153 
CMSJLfe_scale_matrix_3d, 153 
CMSR_fe_translation_matrix_2d, 155 
CMSR_fe_translation_matrix_3d, 155 
CMSR_fe_view_matrix, 157 
CMSR_fe_view-proj_matrix,159 

CMSR_fe_x_rotation_matrix_3d, 161 
CMSR_feJ_rotation_matrix_3d, 161 
CMSR_fe_z_rotation_matrix 3d, 161 
CMSR_iclenti ty_matrix_2d, 246 
CMSR _ iclenti ty_ matrix_3d, 246 
CMSR_rotation_const_matrix_2d, 278 
CMSR_rotation_matrix_2d, 280 
CMSR_scale_const_matrix_2d, 282 
CMSJLscale_const_matrix_3d, 282 
CMSR_scale_matrix_2d, 285 
CMSR_scale_matrix_3d, 285 
CMSR_trans_const_matrix_2d, 288 
CMSR_trans_const_matrix_3d, 288 
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matrix (continued) 

CMSR translation matrix 2d. 291 
CMSR -translation-matrix - 3d. 291 

CMSR-X rotation -;;onst ~trix 3d. 294 
CMSR - x-rotation - matri; 3d. 297 

CMSR~=rotation=const_;'trix_3d.294 
CMSR-y_rotation_matrix_3d.297 
CMSR z rotation const matrix 3d. 294 
CMSR - z -rotation - matri; 3d. 297 -- - -

multiply 
CMSR fe m multiply 2d.139 - - - -
CMSR fe m multiply 3d. 139 - - - -
CMSR_m_multiply_2d. 262 
CMSR m multiply 3d. 262 

CMSR=m=multiPly=const_2d. 265 
CMSR_m_multiply_const_3d. 265 

negate 
CMSR fe v negate 2d. 109 - - - -
CMSR fe v negate 3d. 109 - -- -
CMSR_v_negate_2d. 204 
CMSR _v_negate _ 3d. 204 

normalize 
CMSR fe v normalize 2d. 111 - -- -
CMSR fe v normalize 3d. 111 - -- -
CMSR v normalize 2d. 207 -- -
CMSR v normalize 3d. 207 - - -

oblique_proj 
CMSR_fe_oblique"proj_matrix, 143 

ortho 
CMSR_fe_ortho"proj_matrix, 145 

perpendicular 
CMSR_fe_v"perpendicular_2d. 113 
CMSR _ fe _v ..P8rpendicular _3d. 113 
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CMSR _ v ..P8rpendicular _ 2d. 210 
CMSR _ v "pe:pendicular _3d. 210 
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perspective 
CMSR_fe..P8rspective_matrix, 147 
CMSR_fe..P8rspective"proj_matrix,149 

point 
CMSR_f_draw"point, 19 
CMSR _ f _draw "point_3d. 23 

CMSR_fe_f_draw"point, 30 
CMSR_fe_f_draw"point_3d. 33 
CMSR_fe_s_draw"point, 37 
CMSR_s_draw"point, 27 

print 
CMSR_fe_m"print_2d. 141 
CMSR_fe_m"print_3d. 141 
CMSR_fe_v"print_2d. 115 
CMSR_fe_v"print_3d. 115 
CMSR_m"print_2d. 268 
CMSR_m"print_3d. 268 
CMSR_v"print_2d. 213 
CMSR_v"print_3d. 213 

processor 
CMSR m read from"processor_2d. 270 
CMSR -:-read - from"processor_3d. 270 

CMSR=m=wri~_to..processor_2d. 275 
CMSR_m_write_to"processor_3d. 275 
CMSR v read from"processor_2d. 215 
CMSR -v-read - from"processor_3d. 215 

CMSR=": wri ~ _to "processor _ 2d. 241 
CMSR _ v _ write_to "processor_3d. 241 

rad 
CMSR _ deg_ to _ rad. 310 

CMSR_fe_deg_to_rad. 173 
CMSR_fe_rad_to_deg, 173 
CMSR_rad_to_deg,310 
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read 
0fSR _ m _read_from ~roca •• or _2d, 270 
CMSR_m_raad_from~roca •• or_3d,270 
0fSR_ read_U'ray_ from _ fiald, 79 
CMSR_z:aad_U'ray_from_fiald_l,82 
0fSR_v_read_from~roca.sor_2d, 215 
CMSR _ v _ raad_ frOlD~rocassor _3d, 215 

rectangle 
CMSR_fe_dz:aw_rectallgla,69 

_ref_ 
0fSR_m_z:af_2d, 273 
CMSR_m_J:8f_3d, 273 
CMSR_V_J:8f_x, 221 
CMSR_v_rafJ,221 
CMSR_v_z:ef_z,221 

reflect 
CMSR _fa_v _reflect _ 2d, 117 
CMSR_fa_v_z:eflact_3d, 117 
CMSR _ v _ z:eflect _2d, 218 

CMSR_v_reflact_3d, 218 

rgb 
CMSR _ CIDY_ to _ rgb, 301 

0fSR_ fe_ CIDY_ to _ J:9'b, 164 
OfSR_fe_hsl_to_J:9'b, 170 
CMSR_fe _hBV _to _ J:9'b, 168 
CMSR_fe_J:9'b_to_ClDY,164 
CMSR_fa_J:9'b_to_hsl,170 
CMSR_fa_J:9'b_to_hsv, 168 
CMSR _fe _ rgb _ to Jiq, 166 

OfSR_feJiCLto_J:9'b, 166 
0fSR_f_J:9'b_to_gray,323 
0fSR_hsl_to_J:9'b,307 
CMSR_hBv_to_rgb,305 
0fSR_J:9'b_to_ClDY,301 
0fSR_rgb_to_hsl,307 
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0fSR_rgb_to_hsv,305 
CMSR_J:9'b_toJiq, 303 
0fSR_u_rgb_to_gray,323 

CMSRJi'l..to_J:9'b,303 

rotation 
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CMSR_fe_rotation_matrix_2d,151 
CMSR_fe_x_rotation_matrix_3d, 161 
CMSR_feJ_rotation_matrix_3d, 161 
CMSR_fa_z_rotation_matrix_3d, 161 
CMSR _rotation _ const _matrix -.2d, 278 
CMSR_rotation_matrix_2d, 280 
0fSR_x_rotation_const_matrix_3d,294 
CMSR_x_rotation_matrix_3d,297 
CMSRJ_rotation_const_matrix_3d, 294 
CMSRJ_rotation_matrix_3d, 297 
CMSR _z _rotation _ const _matrix_3d, 294 
CMSR_z_rotation_DI8trix_3d, 297 

_s_ 
CMSR_fe_s_dz:aw_line,52 
CMSR_fe_s_dz:aw~oint, 37 
CMSR_s_clip_lines,59 
CMSR_s_dz:aw_line,44 
CMSR_s_dz:aw~int,27 

CMSR_s_dz:aw_sphere,62 

scale 
CMSR_fe_scale_matrix_2d, 153 
CMSR_fe_scale_matrix_3d, 153 
CMSR_fe_v_scale_2d, 119 
CMSR_fe_v_scale_3d, 119 
CMSR_scale_const_matrix_2d, 282 
CMSR _scale _ const _ ~trix _ 3d, 282 

CMSR_scale_matrix_2d, 285 
CMSR_scale_matrix_3d, 285 
CMSR_v_scale_2d, 223 
CMSR _ v_scale _ 3d, 223 
CMSR_v_scale_const_2d, 226 
CMSR.. v_scale _ const _3d, 226 
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stack_field 
CMSR.. m _alloc_ stack_field _ 2d, 250 
CMSR _ m _ alloc _stack_field _3d, 250 
CMSR_v_alloc_stack_field_2d, 185 
CMSR_v_alloc_stack_field_3d,185 

subtract 
CMSR..fe_v_subtract_2d, 121 
CMSR_fe_v_subtract_3d, 121 
CMSR_v_subtract_2d, 229 
CMSR _ v_subtract _ 3d, 229 

trans_ 
CMSR_trans_const_matrix_2d, 288 
CMSR_trans_const_matrix_3d, 288 

transform 
CMSR_fe_v_transfol:DL2d, 123 
CMSR_fe_v_transfoZlll_3d, 123 
CMSR_ v _ transfoZlll _ 2d, 232 

CMSR_v_transfoZlll_3d, 232 
CMSR_v_transfoZlll_const_2d, 235 
CMSR_v_transfoZlll_const_3d, 235 

translation 
CMSR_fe_translation_m&trix_2d, 155 
CMSR_fe_translation_matrix_3d, 155 
CMSR_translation_matrix_2d, 291 
CMSR_translation_m&trix_3d, 291 

transmit 
CMSR_fe_v_transmit_3d, 126 
CMSR_v_transmit_3d, 238 

_u_ 
CMSR_u_halftone,315 
CMSR_u_halftone_dot_diff,317 
CMSR_u_halftone_err-prop,320 
CMSR_u_rqb_to_qray,323 
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_v_ 
CMSR_fe_v_abs_2d,93 
CMSR_fe_v_abs_3d, 93 
CMSR_fe_v_abs_squared_2d, 95 
CMSR _ fe _v _ abs _squared_3d, 95 

CMSR_fe_v_add_2d, 97 

CMSR_fe_v_add_3d, 97 
CMSR_fe_v_copy_2d, 99 
CMSR_fe_v_copy_3d, 99 
CMSR_fe_v_cos_between_2d, 101 
CMSR_fe_v_cos_between_3d, 101 
CMSR_fe_v_cross-procluct_3d, 103 
CMSR_fe_v_dot-product_2d,105 
CMSR_fe_v_dot-product_3d,105 
CMSR_fe_v_is_zero_2d, 107 
CMSR_fe_v_is_zero_3d, 107 
CMSR_fe_v_neqate_2d, 109 

CMSR_fe_v_neqate_3d, 109 
CMSR_fe_v_normalize_2d, 111 
CMSR_fe_v_normalize_3d, 111 
CMSR_fe_v-perpendicular_2d, 113 
CMSR _ fe _v -perpendicular_3d, 113 

CMSR_fe_v-print_2d, 115 
CMSR_fe_v-print_3d, 115 
CMSR_fe_v_reflect_2d, 117 
CMSR_fe_v_reflect_3d, 117 
CMSR_fe_v_scale_2d, 119 
CMSR_fe_v_scale_3d, 119 

CMSR_fe_v_subtract_2d, 121 
CMSR_fe_v_subtract_3d, 121 
CMSR_fe_v_transfoZlll_2d, 123 
CMSR_fe_v_transfoZlll_3d, 123 
CMSR _ fe _v _ transmi t _3d, 126 
CMSR_v_abs_2d, 177 
CMSR_v_abs_3d, 177 
CMSR_v_abs_squared ..... 2d, 179 
CMSR _ v _ abs _squared_3d, 179 

CMSR_v_add_2d, 181 
CMSR_v_adc:l_3d, 181 
CMSR_v_alloc_heap_field_2d, 183 
CMSR _ v _ alloc _heap_field _3d, 183 

CMSR_v_alloc_stack_field_2d, 185 
CMSR_v_alloc_stack_field_3d, 185 
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_v _ (continued) 

CKSR_v_copy_2d, 187 
CKSR_v_copy_3d, 187 
CKSR_v_copy_const_2d,189 

CKSR_v_copy_const_3d, 189 
CKSR_v_cos_between_2d, 192 
CKSR_v_cos_between_3d, 192 
CKSR _ v_cross "'product_3d, 195 
CKSR_v_dot"'product_2d, 197 
CKSR_v_dot"'product_3d, 197 
CKSR _ v _field_length. 200 
CKSR_v_is_zero_2d, 202 
CKSR_v_1s_zero_3d, 202 
CKSR _ v_negate _ 2d, 204 

CKSR_v_negate_3d,204 

CKSR_v_normalize_2d,207 

CKSR _ v _normalize_3d, 207 
CKSR_vJMtrpendicular_2d, 210 
CKSR_v...,P8rpendicular_3d, 210 
CKSR_v..,print_2d,213 

CKSR_v..,print_3d, 213 
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CKSR _v_read _ frOlll..,processor _ 2d, 215 
CKSR _ v_read _ frOlll..,processor _ 3d, 215 
CKSR_v_reflect_2d, 218 
CKSR_v_reflect_3d, 218 
CKSR_v_ref_x,221 

CKSR_v_refJ,221 

CKSR_v_ref_z,221 

CKSR_v_scale_2d, 223 
CKSR _ v_scale _3d, 223 
CKSR_v_scale_const_2d, 226 
CKSR_ v_scale _ const _3d, 226 
CKSR_v_subtract_2d, 229 
CKSR_v_subtract_3d, 229 
CKSR_v_transforllL2d, 232 
CKSR_v_transforlll_3d, 232 
CKSR_v_transforlll_const_2d, 235 
CKSR_v_transforlll_const_3d, 235 
CKSR_v_transmit_3d, 238 
CKSR_v_write_to"'processor_2d, 241 
CKSR _ v _ wri te _ to "'processor_3d, 241 
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view 
CKSR_fe_view_matrix, 157 
CKSR:.-fe_view"'proj_matrix, 159 

write 
CKSR_m_write_to"'processor_2d, 275 
CKSR_m_write_to"'processor_3d, 275 
CMSR_v_write_to"'processor_2d, 241 
CMSR _ v _ wri te _ to "'processor_3d, 241 
CKSR:.-write_array_to_field, 71 
CMSR_write_array_to_field_l,74 

_x_ 
CKSR_fe_x_rotation_matrix_3d, 161 
CKSR_v_ref_x,221 

CMSR:.-x_rotation_const_matrix_3d, 294 
CMSR:.-x_rotation_matrix_3d, 297 

CKSR:.-feJ_rotation_matrix_3d, 161 
CMSR_v_refJ,221 

CMSRJ_rotation_const_matrix_3d, 294 
CMSRJ_rotation_matrix_3d, 297 

yiq 
CMSR_fe_rgb_toJiq, 166 
CMSR_feJi~to_rgb, 166 
CKSR_rgb_toJiq,303 

CMSRJi~to_rgb, 303 

_z_ 
CMSR_fe_z_rotation_matrix_3d, 161 
CKSR_initialize_z_buffer,17 

CMSR_z_rotation_const_matrix_3d, 294 

CMSR _ z _rotation_matrix _3d, 297 
CMSR_v_ref_z,221 
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zero 
CKSR_fa_v_is_zaro_2d, 107 
CKSR_fa_v_is_zaro_3d, 107 
CKSR_v_is_zaro_2d, 202 
CKSR_v_is_zaro_3d, 202 
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