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D GEDAE  Primitive Library Functions  

Core embeddable library  

A set of core embeddable function boxes is provided with GEDAE. 

These function boxes are data and token type-specific, therefore, 

thousands of boxes are needed in the core library to do the simple 

arithmetic and data movement tasks that most graphs rely on.  To assist 

in locating function boxes, the following set of tables is provided as a 

function-based outline of the library. 

Status of function boxes  

In the following tables, the text formatting of the box names describes 

the status of the box.  Boxes in plain text exist and are Level 1 tested.  

Level 1 testing involves creating a simple graph to test the box and 

running the graph on the host with a simple data set.  Boxes in bold text 

exist and are Level 2 tested.  Boxes that are Level 2 tested have been 

both Level 1 tested and included in a test suite that is run on all 

supported embedded architectures and at several different firing 

granularities.  

If a location in the tables contains a hyphen (ñ-ñ), then a box fitting the 

specified description with the specified data types is either not possible 

or is already described in the same table.  For example, in a two-

dimensional table describing a commutative binary operator, any cell 

below the diagonal is equivalent to a cell above the diagonal.  

Therefore, hyphens appear throughout the lower triangle of tables for 

commutative operators.  An example of a hyphen in a cell that 

represents impossibility is a cell for a scalar data type in a table that 

describes a vector operator, such as, vector mean.  A cell in a table may 

be set aside for such a box, but it cannot be a part of the core 

embeddable library, so a hyphen is placed in the table. 

If a location in the tables is blank, then a box is possible for the 

specified description and data types, but the box is not included in this 

release nor are there plans for inclusion in future releases.  In most of 

these cases, the boxôs function either can already be achieved through a 

simple user-made hierarchical box using existing primitives or is of 

such little usefulness that it does more to pollute the library than 

enhance it. 

 Symbols in the tables  

The following symbols are used as headers in the tables throughout this 

Appendix. 

 

Symbol Definition 
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s  Stream of floating point scalars 

K  Floating point constant 

x  Stream of complex scalars 

KX  Complex constant 

i  Stream of integer scalars 

KI   Integer constant 

v  Stream of floating point vectors 

VK  Constant floating point vector 

vx  Stream of complex vectors 

VX  Constant complex vector 

vi  Stream of integer vectors 

VI   Constant integer vector 

vv  Stream of floating point variable vectors 

vvx Stream of complex variable vectors 

vvi  Stream of integer variable vectors 

m  Stream of floating point matrices 

MK Constant floating point matrix 

mx  Stream of complex matrices 

MX Constant complex matrix 

mi  Stream of integer matrices 

MI  Constant integer matrix 

vm  Stream of floating point variable matrices 

vmx Stream of complex variable matrices 

vmi Stream of integer variable matrices 
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Tables  

Binary Addition:  out = a + b  

 

 s K  x KX  v VK  vx VX 

s add addK x_radd addX v_sadd addVK vx_sadd addVX 

K - - x_addK - v_addK - vx_addK - 

x - - x_add x_addX v_sxadd x_addV vx_sxadd x_addVX 

KX  - - - - v_addX - vx_addX - 

v - - - - v_add v_addVK vx_radd v_addVX 

VK  - - - - - - vx_addV - 

vx - - - - - - vx_add vx_addVX 

VX - - - - - - - - 

 

 

 vv vvx m MK  mx MX  vm vmx 

vv vv_add vvx_radd     vm_vcadd, 

vm_vradd 

vmx_vcadd, 

vmx_vradd 

vvx - vvx_add     vm_vxcadd, 

vm_vxradd 

vmx_vxcadd, 

vmx_vxradd 

m - - m_add m_addMK mx_radd m_addMX   

MK  - - - - mx_addM -   

mx - - - - mx_add mx_addMX   

MX  - - - - - -   

vm - - - - - - vm_add vmx_radd 

vmx - - - - - - - vmx_add 
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 vv vvx m MK  mx MX  vm vmx 

s vv_sadd vvx_sadd m_sadd  mx_sadd  vm_sadd vmx_sadd 

K vv_addK vvx_addK m_addK - mx_addK - vm_addK vmx_addK 

x vv_sxadd vvx_sxadd m_sxadd  mx_sxadd  vm_sxadd vmx_sxadd 

KX  vv_addX vvx_addX m_addX - mx_addX - vm_addX vmx_addX 

v   m_vradd, 

m_vcadd 

v_raddMK, 

v_caddMK 

mx_vradd, 

mx_vcadd 

v_raddMX, 

v_caddMX 

  

VK  vv_addVK vvx_addV m_raddVK, 

m_caddVK 

- mx_raddVK, 

mx_caddVK 

-   

vx   m_vxradd,  

m_vxcadd 

vx_raddMK, 

vx_caddMK 

mx_vxradd, 

mx_vxcadd 

vx_raddMX, 

vx_caddMX 

  

VX vv_addVX vvx_addVX m_raddVX, 

m_caddVX 

- mx_raddVX, 

mx_caddVX 

-   

 

 

 i KI  vi VI  vvi mi MI  vmi 

I  i_add i_addI vi_siadd i_addVI vvi_siadd mi_siadd  vmi_siadd 

KI  - - vi_addI - vvi_addI mi_addI - vmi_addI 

vi - - vi_add vi_addVI  mi_vicadd, 

mi_viradd 

vi_caddMI, 

vi_raddMI 

 

VI  - - - - vvi_addVI mi_caddVI, 

mi_raddVI 

-  

vvi - - - - vvi_add   vmi_vicadd, 

vmi_viradd 

mi - - - - - mi_add mi_addMI  

MI  - - - - - - -  

vmi - - - - - - - vmi_add 
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 s v vv m vm 

i siadd v_siadd vv_siadd m_siadd vm_siadd 

KI  addI v_addI vv_addI m_addI vm_addI 
 

 

Binary Elementwise Mul tiplication:  out = a * b  

 

 s K x KX  v VK  vx VX 

s mult  multK  x_rmult  multX v_smult multVK vx_smult multVX 

K - - x_multK  - v_multK  - vx_multK - 

x - - x_mult, 

x_cmult 

x_multX  v_sxmult x_multV vx_sxmult x_multVX 

KX  - - - - v_multX - vx_multX - 

v - - - - v_mult v_multVK  vx_rmult  v_multVX 

VK  - - - - - - vx_multV  - 

vx - - - - - - vx_mult, 

vx_cmult 

vx_multVX  

VX - - - - - - - - 
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 vv vvx m MK  mx MX  vm vmx 

vv vv_mult vvx_rmult     vm_vcmult, 

vm_vrmult 

vmx_vcmult, 

vmx_vrmult 

vvx - vvx_mult, 

vvx_cmult 

    vm_vxcmult, 

vm_vxrmult 

vmx_vxcmult, 

vmx_vxrmult 

m - - m_emult m_emultMK mx_ermult m_emultMX   

M

K 

- - - - mx_emultM -   

mx - - - - mx_emult, 

mx_ecmult 

mx_emultMX   

MX  - - - - - -   

vm - - - - - - vm_emult vmx_ermult 

vmx - - - - - - - vmx_emult, 
vmx_ecmult 

 

 

 vv vvx m MK  mx MX  vm vmx 

s vv_smult vvx_smult m_smult  mx_smult  vm_smult vmx_smult 

K vv_multK vvx_multK m_multK - mx_multK  - vm_multK vmx_multK 

x vv_sxmult vvx_sxmult m_sxmult  mx_sxmult  vm_sxmult vmx_sxmult 

KX  vv_multX vvx_multX m_multX - mx_multX  - vm_multX vmx_multX 

v   m_vrmult, 

m_vcmult 

v_rmultMK, 

v_cmultMK 

mx_vrmult, 

mx_vcmult 

v_rmultMX, 

v_cmultMX 

  

VK  vv_multVK vvx_multV m_rmultVK, 

m_cmultVK 

- mx_rmultVK, 

mx_cmultVK 

-   

vx   m_vxrmult,  

m_vxcmult 

vx_rmultMK, 

vx_cmultMK 

mx_vxrmult, 

mx_vxcmult 

vx_rmultMX, 

vx_cmultMX 

  

VX vv_multVX vvx_multVX m_rmultVX, 

m_cmultVX 

- mx_rmultVX, 

mx_cmultVX 

-   
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 i KI  vi VI  vvi mi MI  vmi 

i i_mult i_multI vi_simult i_multVI vvi_simult mi_simult  vmi_simult 

KI  - - vi_multI - vvi_multI mi_multI - vmi_multI 

vi - - vi_mult vi_multVI  mi_vicmult, 

mi_virmult 

vi_cmultMI, 

vi_rmultMI 

 

VI  - - - - vvi_multVI mi_cmultVI, 

mi_rmultVI 

-  

vvi - - - - vvi_mult   vmi_vicmult, 

vmi_virmult 

mi - - - - - mi_emult mi_emultMI  

MI  - - - - - - -  

vmi - - - - - - - vmi_emult 

 

 

 s v vv m vm 

i simult v_simult vv_simult m_simult vm_simult 

KI  multI v_multI vv_multI m_multI vm_multI 
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Binary Subtraction:  out = a - b  

 

 s K x KX  v VK  vx VX 

s sub subK x_rrsub subX v_ssub subVK vx_ssub subVX 

K Ksub - x_Ksub - v_Ksub - vx_Ksub - 

x x_rsub x_subK x_sub x_subX v_sxsub x_subV vx_sxsub x_subVX 

KX  Xsub - x_Xsub - v_Xsub - vx_Xsub - 

v v_subs v_subK v_subsx v_subX v_sub v_subVK vx_rrsub v_subVX 

VK  VKsub - x_Vsub - v_VKsub - vx_Vsub - 

vx vx_subs vx_subK vx_subsx vx_subX vx_rsub vx_subV vx_sub vx_subVX 

VX VXsub - x_Vxsub - v_VXsub - vx_VXsub - 

 

 

 vv vvx m MK  mx MX  vm vmx 

vv vv_sub vvx_rrsub     vm_vcsub, 

vm_vrsub 

vmx_vcsub, 

vmx_vrsub 

vvx vvx_rsub vvx_sub     vm_vxcsub, 

vm_vxrsub 

vmx_vxcsub, 

vmx_vxrsub 

m   m_sub m_subMK mx_rrsub m_subMX   

MK    m_Mksub - mx_Msub -   

mx   m_rsub mx_subM mx_sub mx_subMX   

MX    m_Mxsub - mx_MXsub -   

vm vm_vcsubr, 

vm_vrsubr 

vm_vxcsubr, 

vm_vxrsubr 

    vm_sub vmx_rrsub 

vmx vmx_vcsubr, 

vmx_vrsubr 

vmx_vxcsubr, 

vmx_vxrsubr 

    vmx_rsub vmx_sub 
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 vv vvx m MK  mx MX  vm vmx 

s vv_ssub vvx_ssub m_ssub  mx_ssub  vm_ssub vmx_ssub 

K vv_Ksub vvx_Ksub m_Ksub - mx_Ksub - vm_Ksub vmx_Ksub 

x vv_sxsub vvx_sxsub m_sxsub  mx_sxsub  vm_sxsub vmx_sxsub 

KX  vv_Xsub vvx_Xsub m_Xsub - mx_Xsub - vm_Xsub vmx_Xsub 

v   m_vrsub, 

m_vcsub 

v_rsubMK, 

v_csubMK 

mx_vrsub, 

mx_vcsub 

v_rsubMX, 

v_csubMX 

  

VK  vv_VKsub vvx_Vsub m_rsubVK, 

m_csubVK 

- mx_rsubVK, 

mx_csubVK 

-   

vx   m_vxrsub,  

m_vxcsub 

vx_rsubMK, 

vx_csubMK 

mx_vxrsub, 

mx_vxcsub 

vx_rsubMX, 

vx_csubMX 

  

VX Vv_VXsub vvx_VXsub m_rsubVX, 

m_csubVX 

- mx_rsubVX, 

mx_csubVX 

-   

 

 

 s K x KX  v VK  vx VX 

vv vv_subs vv_subK vv_subsx vv_subX  vv_subVK  vv_subVX 

vvx vvx_subs vvx_subK vvx_subsx vvx_subX  vvx_subV  vvx_subVX 

m m_subs m_subK m_subsx m_subX m_vcsubr, 

m_vrsubr 

m_csubrVK, 

m_rsubrVK 

m_vxcsubr, 

m_vxrsubr 

m_csubrVX, 

m_rsubrVX 

MK     - v_csubrMK, 

v_rsubrMK 

- vx_csubrMK, 

vx_rsubrMK 

- 

mx mx_subs mx_subK mx_subsx mx_subX mx_vcsubr, 

mx_vrsubr 

mx_csubrVK, 

mx_rsubrVK 

mx_vxcsubr, 

mx_vxrsubr 

mx_csubrVX, 

mx_rsubrVX 

MX     - v_csubrMX, 

v_rsubrMX 

- vx_csubrMX, 

vx_rsubrMX 

- 

vm vm_subs vm_subK vm_subsx vm_subX     

vmx vmx_subs vmx_subK vmx_subsx vmx_subX     
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 i KI  vi VI  vvi mi MI  vmi 

i i_sub i_subI vi_sisub i_subVI vvi_sisub mi_sisub  vmi_sisub 

KI  i_Isub - vi_Isub - vvi_Isub mi_Isub - vmi_Isub 

vi vi_subsi vi_subI vi_sub vi_subVI  mi_vicsub, 

mi_virsub 

vi_csubMI, 

vi_rsubMI 

 

VI  i_VIsub - vi_Visub - vvi_VIsub mi_csubVI, 

mi_rsubVI 

-  

vvi vvi_subsi vvi_subI  vvi_subVI vvi_sub   vmi_vicsub, 

vmi_virsub 

mi mi_subsi Mi_subI mi_vicsubr, 

mi_virsubr 

mi_csubrVI, 

mi_rsubrVI 

 mi_sub mi_subMI  

MI   - vi_csubrMI, 

vi_rsubrMI 

-  mi_MIsub -  

vmi vmi_subsi vmi_subI   vmi_vicsubr, 

vmi_virsubr 

  vmi_sub 

 

 

 s v vv m vm 

i sisub v_sisub vv_sisub m_sisub vm_sisub 

KI  Isub v_Isub vv_Isub m_Isub vm_Isub 
 

 

 i KI  

s subsi subI 

v v_subsi v_subI 

vv vv_subsi vv_subI 

m m_subsi m_subI 

vm vm_subsi vm_subI 
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Binary Division:  out = a / b  

 

 s K x KX  v VK  vx VX 

s div divK  x_rrdiv divX v_sdiv divVK vx_sdiv divVX 

K Kdiv  - x_Kdiv  - v_Kdiv - vx_Kdiv - 

x x_rdiv  x_divK x_div x_divX v_sxdiv x_divV vx_sxdiv x_divVX 

KX  Xdiv - x_Xdiv - v_Xdiv - vx_Xdiv - 

v v_divs v_divK v_divsx v_divX v_div v_divVK vx_rrdiv v_divVX 

VK  VKdiv  - x_Vdiv - v_VKdiv - vx_Vdiv - 

vx vx_divs vx_divK vx_divsx vx_divX vx_rdiv  vx_divV vx_div vx_divVX 

VX VXdiv  - x_Vxdiv - v_VXdiv - vx_VXdiv - 

 

 

 vv vvx m MK  mx MX  vm vmx 

vv vv_div vvx_rrdiv     vm_vcdiv, 

vm_vrdiv 

vmx_vcdiv, 

vmx_vrdiv 

vvx vvx_rdiv vvx_div     vm_vxcdiv, 

vm_vxrdiv 

vmx_vxcdiv, 

vmx_vxrdiv 

m   m_ediv m_edivMK mx_errdiv m_edivMX   

MK    m_Mkediv - mx_Mediv -   

mx   mx_erdiv mx_edivM mx_ediv mx_edivMX   

MX    m_Mxediv - mx_Mxediv -   

vm vm_vcdivr, 

vm_vrdivr 

vm_vxcdivr, 

vm_vxrdivr 

    vm_ediv vmx_errdiv 

Vmx vmx_vcdivr, 

vmx_vrdivr 

vmx_vxcdivr, 

vmx_vxrdivr 

    vmx_erdiv vmx_ediv 
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 vv vvx m MK  mx MX  vm vmx 

s vv_sdiv vvx_sdiv m_sdiv  mx_sdiv  vm_sdiv vmx_sdiv 

K vv_Kdiv vvx_Kdiv m_Kdiv - mx_Kdiv - vm_Kdiv vmx_Kdiv 

x vv_sxdiv vvx_sxdiv m_sxdiv  mx_sxdiv  vm_sxdiv vmx_sxdiv 

KX  vv_Xdiv vvx_Xdiv m_Xdiv - mx_Xdiv - vm_Xdiv vmx_Xdiv 

v   m_vrdiv, 

m_vcdiv 

v_rdivMK, 

v_cdivMK 

mx_vrdiv, 

mx_vcdiv 

v_rdivMX, 

v_cdivMX 

  

VK  vv_VKdiv vvx_Vdiv m_rdivVK, 

m_cdivVK 

- mx_rdivVK, 

mx_cdivVK 

-   

vx   m_vxrdiv,  

m_vxcdiv 

vx_rdivMK, 

vx_cdivMK 

mx_vxrdiv, 

mx_vxcdiv 

vx_rdivMX, 

vx_cdivMX 

  

VX vv_VXdiv vvx_VXdiv m_rdivVX, 

m_cdivVX 

- mx_rdivVX, 

mx_cdivVX 

-   

 

 

 s K x KX  v VK  vx VX 

vv vv_divs vv_divK vv_divsx vv_divX  vv_divVK  vv_divVX 

vvx vvx_divs vvx_divK vvx_divsx vvx_divX  vvx_divV  vvx_divVX 

m m_divs m_divK m_divsx m_divX m_vcdivr, 

m_vrdivr 

m_cdivrVK, 

m_rdivrVK 

m_vxcdivr, 

m_vxrdivr 

m_cdivrVX, 

m_rdivrVX 

MK     - v_cdivrMK, 

v_rdivrMK 

- vx_cdivrMK, 

vx_rdivrMK 

- 

mx mx_divs mx_divK  mx_divsx mx_divX mx_vcdivr, 

mx_vrdivr 

mx_cdivrVK, 

mx_rdivrVK 

mx_vxcdivr, 

mx_vxrdivr 

mx_cdivrVX, 

mx_rdivrVX 

MX     - v_cdivrMX, 

v_rdivrMX 

- vx_cdivrMX, 

vx_rdivrMX 

- 

vm vm_divs vm_divK vm_divsx vm_divX     

vmx vmx_divs vmx_divK vmx_divsx Vmx_divX     
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 i KI  vi VI  vvi mi MI  vmi 

i i_div i_divI vi_sidiv i_divVI  vvi_sidiv mi_sidiv  vmi_sidiv 

KI  i_Idiv - vi_Idiv - vvi_Idiv mi_Idiv - vmi_Idiv 

vi vi_divsi vi_divI vi_div vi_divVI   mi_vicdiv, 

mi_virdiv 

vi_cdivMI, 

vi_rdivMI  

 

VI  i_VIdiv - vi_Vidiv  - vvi_VIdiv  mi_cdivVI, 

mi_rdivVI 

-  

vvi vvi_divsi vvi_divI  vvi_divVI  vvi_div   vmi_vicdiv, 

vmi_virdiv 

mi mi_divsi mi_divI mi_vicdivr, 

mi_virdivr 

mi_cdivrVI, 

mi_rdivrVI 

 Mi_ediv mi_edivMI  

MI   - vi_cdivrMI, 

vi_rdivrMI  

-  mi_MIediv -  

vmi vmi_divsi vmi_divI   vmi_vicdivr, 

vmi_virdivr 

  vmi_ediv 

 

 

 s v vv m vm 

i sidiv v_sidiv vv_sidiv m_sidiv vm_sidiv 

KI  Idiv v_Idiv vv_Idiv m_Idiv vm_Idiv 
 

 

 i KI  

s divsi divI 

v v_divsi v_divI 

vv vv_divsi vv_divI 

m m_divsi m_divI 

vm vm_divsi vm_divI 
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Special Case Binary Division  

 

 Divide with 0 Check and 

Constant Replacement 

Divide with 0 Check and 

Stream Replacement 

Reciprocal 

out=1/in  

Reciprocal with 0 Check 

and Constant Replacement 

s divzK divz recip recipK 

x x_divzX x_divz x_rcip x_rcipX 

i i_divzK i_divz i_recip recipK 

v v_divzK v_divz v_recip v_recipK 

vx vx_divzX vx_divz vx_rcip vx_rcipX 

vi vi_divzK vi_divz vi_recip vi_recipK 

vv vv_divzK vv_divz vv_recip vv_recipK 

vvx vvx_divzX vvx_divz vvx_rcip vvx_rcipX 

vvi vvi_divzK vvi_divz vvi_recip vvi_recipK 

m m_edivzK m_edivz m_recip m_recipK 

mx mx_edivzX mx_edivz mx_rcip mx_rcipX 

mi mi_edivzK mi_edivz mi_recip mi_recipK 

vm vm_edivzK vm_edivz vm_recip vm_recipK 

vmx vmx_edivzX vmx_edivz vmx_rcip vmx_rcipX 

vmi vmi_edivzK vmi_edivz vmi_recip vmi_recipK 
 

 

 Integer Divide with 

Remainder 

q=a/b,  rm=a%b 

Integer Divide and Round 

Result 

out=ROUND(a/b) 

Integer Divide and Take 

Ceiling of Result 

out=CEIL(a/b)  

i i_divrm i_divrnd i_divup 

vi vi_divrm vi_divrnd vi_divup 

vvi vvi_divrm vvi_divrnd vvi_divup 

mi mi_edivrm mi_edivrnd mi_edivup 

vmi vmi_edivrm vmi_edivrnd vmi_edivup 
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Other Simple Arithmetic  

 

 Sum of Family Members 

out=SUM([i]in)  

Product of Family Members 

out=PROD([i]in)  

Temporally Accumulate 

out(i)=in(i)+out(i -1)  

s sum product acc 

x x_sum x_product x_acc 

i i_sum i_product i_acc 

v v_sum v_product v_acc 

vx vx_sum vx_product vx_acc 

vi vi_sum vi_product vi_acc 

vv vv_sum vv_product vv_acc 

vvx vvx_sum vvx_product vvx_acc 

vvi vvi_sum vvi_product vvi_acc 

m m_sum m_eproduct m_acc 

mx mx_sum mx_eproduct mx_acc 

mi mi_sum mi_eproduct mi_acc 

vm vm_sum vm_eproduct vm_acc 

vmx vmx_sum vmx_eproduct vmx_acc 

vmi vmi_sum vmi_eproduct vmi_acc 
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 Multiply and Temporally 

Accumulate 

out(i)=a(i)*b(i)+out(i -1)  

Increment 

out=in+1  

Negate 

out=(-in) 

s macc Increment neg 

x x_macc  x_neg 

i i_macc i_increment i_neg 

v v_macc  v_neg 

vx vx_macc  vx_neg 

vi vi_macc  vi_neg 

vv vv_macc  vv_neg 

vvx vvx_macc  vvx_neg 

vvi vvi_macc  vvi_neg 

m m_emacc  m_neg 

mx mx_emacc  mx_neg 

mi mi_emacc  mi_neg 

vm vm_emacc  vm_neg 

vmx vmx_emacc  vmx_neg 

vmi vmi_emacc  vmi_neg 
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Multiple Homogeneous Operator Arithmetic  

 

 Add 3 Add 4 Add 5 Add 6 Subtract 3  out=a-b-c  

s add3 add4 add5 add6 sub3 

x x_add3 x_add4 x_add5 x_add6 x_sub3 

i i_add3 i_add4 i_add5 i_add6 i_sub3 

v v_add3 v_add4 v_add5 v_add6 v_sub3 

vx vx_add3 vx_add4 vx_add5 vx_add6 vx_sub3 

vi vi_add3 vi_add4 vi_add5 vi_add6 vi_sub3 

vv vv_add3 vv_add4 vv_add5 vv_add6 vv_sub3 

vvx vvx_add3 vvx_add4 vvx_add5 vvx_add6 vvx_sub3 

vvi vvi_add3 vvi_add4 vvi_add5 vvi_add6 vvi_sub3 

m m_add3 m_add4 m_add5 m_add6 m_sub3 

mx mx_add3 mx_add4 mx_add5 mx_add6 mx_sub3 

mi mi_add3 mi_add4 mi_add5 mi_add6 mi_sub3 

vm vm_add3 vm_add4 vm_add5 vm_add6 vm_sub3 

vmx vmx_add3 vmx_add4 vmx_add5 vmx_add6 vmx_sub3 

vmi vmi_add3 vmi_add4 vmi_add5 vmi_add6 vmi_sub3 
 

 



Appendix D  Primitive Library Functions  

GEDAEÊ Reference Manual    18 

 Multiply 3  Multiply 4  Multiply 5  Multiply 6  Divide 3  out=a/(b*c)  

s mult3 mult4 mult5 mult6 dm 

x x_mult3 x_mult4 x_mult5 x_mult6 x_dm 

i i_mult3 i_mult4 i_mult5 i_mult6 i_dm 

v v_mult3 v_mult4 v_mult5 v_mult6 v_dm 

vx vx_mult3 vx_mult4 vx_mult5 vx_mult6 vx_dm 

vi vi_mult3 vi_mult4 vi_mult5 vi_mult6 vi_dm 

vv vv_mult3 vv_mult4 vv_mult5 vv_mult6 vv_dm 

vvx vvx_mult3 vvx_mult4 vvx_mult5 vvx_mult6 vvx_dm 

vvi vvi_mult3 vvi_mult4 vvi_mult5 vvi_mult6 vvi_dm 

m m_emult3 m_emult4 m_emult5 m_emult6 m_dm 

mx mx_emult3 mx_emult4 mx_emult5 mx_emult6 mx_dm 

mi mi_emult3 mi_emult4 mi_emult5 mi_emult6 mi_dm 

vm vm_emult3 vm_emult4 vm_emult5 vm_emult6 vm_dm 

vmx vmx_emult3 vmx_emult4 vmx_emult5 vmx_emult6 vmx_dm 

vmi vmi_emult3 vmi_emult4 vmi_emult5 vmi_emult6 vmi_dm 
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Multiple Heterogeneous Operator Arithmetic   

 

 out=(a+b)c out=ab+c out=(a-b)c out=ab-c 

s am ma sbm msb 

x x_am x_ma, x_cma x_sbm x_msb 

i i_am i_ma i_sbm i_msb 

v v_am v_ma v_sbm v_msb 

vx vx_am vx_ma, vx_cma vx_sbm vx_msb 

vi vi_am vi_ma vi_sbm vi_msb 

vv vv_am vv_ma vv_sbm vv_msb 

vvx vvx_am vvx_ma, vvx_cma vvx_sbm vvx_msb 

vvi vvi_am vvi_ma vvi_sbm vvi_msb 

m m_am m_ma m_sbm m_msb 

mx mx_am mx_ma, mx_cma mx_sbm mx_msb 

mi mi_am mi_ma mi_sbm mi_msb 

vm vm_am vm_ma vm_sbm vm_msb 

vmx vmx_am vmx_ma, vmx_cma vmx_sbm vmx_msb 

vmi vmi_am vmi_ma vmi_sbm vmi_msb 
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 out=c-ab out=(a+b)/c out=a/(b+c) out=(a-b)/c 

s msbn ad da sbd 

x x_msbn x_ad, x_ard x_da x_sbd 

i i_msbn i_ad i_da i_sbd 

v v_msbn v_ad v_da v_sbd 

vx vx_msbn vx_ad, vx_ard vx_da vx_sbd 

vi vi_msbn vi_ad vi_da vi_sbd 

vv vv_msbn vv_ad vv_da vv_sbd 

vvx vvx_msbn vvx_ad, vvx_ard vvx_da vvx_sbd 

vvi vvi_msbn vvi_ad vvi_da vvi_sbd 

m m_msbn m_ad m_da m_sbd 

mx mx_msbn mx_ad, mx_ard mx_da mx_sbd 

mi mi_msbn mi_ad mi_da mi_sbd 

vm vm_msbn vm_ad vm_da vm_sbd 

vmx vmx_msbn vmx_ad, vmx_ard vmx_da vmx_sbd 

vmi vmi_msbn vmi_ad vmi_da vmi_sbd 
 

 

 out=a/(b-c) out=ab/c out=a/b-c out=c-a/b 

s dsb md pdsb pdsbn 

x x_dsb x_md x_pdsb x_pdsbn 

i i_dsb i_md i_pdsb i_pdsbn 

v v_dsb v_md v_pdsb v_pdsbn 

vx vx_dsb vx_md vx_pdsb vx_pdsbn 

vi vi_dsb vi_md vi_pdsb vi_pdsbn 

vv vv_dsb vv_md vv_pdsb vv_pdsbn 

vvx vvx_dsb vvx_md vvx_pdsb vvx_pdsbn 

vvi vvi_dsb vvi_md vvi_pdsb vvi_pdsbn 

m m_dsb m_md m_pdsb m_pdsbn 

mx mx_dsb mx_md mx_pdsb mx_pdsbn 

mi mi_dsb mi_md mi_pdsb mi_pdsbn 

vm vm_dsb vm_md vm_pdsb vm_pdsbn 

vmx vmx_dsb vmx• • d vmx_pdsb vmx_pdsbn 

vmi vmi_dsb vmi_md vmi_pdsb vmi_pdsbn 
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 out=a/b+c out=a+b-c out=C1in+C2 out=Ca+b 

s pda asb KmKa  Kma 

x x_pda x_asb x_KmKa, x_KmXa, 

x_XmKa, x_Xmxa 

x_Kma, x_Xma 

i i_pda i_asb i_ImIa i_Ima 

v v_pda v_asb v_KmKa v_Kma 

vx vx_pda vx_asb vx_KmKa, vx_KmXa, 

vx_XmKa, vx_XmXa 

vx_Kma, vx_Xma  

vi vi_pda vi_asb vi_ImIa vi_Ima 

vv vv_pda vv_asb vv_KmKa vv_Kma 

vvx vvx_pda vvx_asb vvx_KmKa, vvx_KmXa, 

vvx_XmKa,vvx_XmXa 

vvx_Kma, vvx_Xma 

vvi vvi_pda vvi_asb vvi_ImIa vvi_Ima 

m m_pda m_asb m_KmKa m_Kma 

mx mx_pda mx_asb mx_KmKa, mx_KmXa, 

mx_XmKa, mx_XmXa 

mx_Kma, mx_Xma 

mi mi_pda mi_asb mi_ImIa mi_Ima 

vm vm_pda vm_asb vm_KmKa vm_Kma 

vmx vmx_pda vmx_asb vvx_KmKa, vmx_KmXa, 

vmx_XmKa, vmx_XmXa 

vmx_Kma, vmx_Xma 

vmi vmi_pda vmi_asb vmi_ImIa vmi_Ima 
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 out=Ca-b out=ab+C out=(a+b)C out=(a+C)b 

s Kmsb mKa aKm Kam 

x x_Kmsb, x_Xmsb x_mKa, x_mXa x_aKm, x_aXm x_Kam, x_Xam 

i i_Imsb i_mIa i_aIm i_Iam 

v v_Kmsb v_mKa v_aKm v_Kam 

vx vx_Kmsb, vx_Xmsb vx_mKa, vx_mXa vx_aKm, vx_aXm vx_Kam, vx_Xam 

vi vi_Imsb vi_mIa vi_aIm vi_Iam 

vv vv_Kmsb vv_mKa vv_aKm vv_Kam 

vvx vvx_Kmsb, vvx_Xmsb vv_mKa, vv_mXa vvx_aKm, vvx_aXm vvx_Kam, vvx_Xam 

vvi vvi_Imsb vvi_mIa vvi_aIm vvi_Iam 

m m_Kmsb m_mKa m_aKm m_Kam 

mx mx_Kmsb, mx_Xmsb mx_mKa, mx_mXa mx_aKm, mx_aXm mx_Kam, mx_Xam 

mi mi_Imsb mi_mIa mi_aIm mi_Iam 

vm vm_Kmsb vm_mKa vm_aKm vm_Kam 

vmx vmx_Kmsb, vmx_Xmsb vmx_mKa, vmx_mXa vmx_aKm, vmx_aXm vmx_Kam, vmx_Xam 

vmi vmi_Imsb vmi_mIa vmi_aIm vmi_Iam 
 

 

 out=(a-b)C out=(a+b)/C out=(a+b)(c+d) out=(a+b)(c-d) 

s sbKm aKd aam asbm 

x x_sbKm, x_sbXm x_aKd, x_aXd x_aam x_asbm 

i i_sbIm i_aId i_aam i_asbm 

v v_sbKm v_aKd v_aam v_asbm 

vx vx_sbKm, vx_sbXm vx_aKd, vx_aXd vx_aam vx_asbm 

vi vi_sbIm vi_aId vi_aam vi_asbm 

vv vv_sbKm vv_aKd vv_aam vv_asbm 

vvx vvx_sbKm, vvx_sbXm vvx_aKd, vvx_aXd vvx_aam vvx_asbm 

vvi vvi_sbIm vvi_aId vvi_aam vvi_asbm 

m m_sbKm m_aKd m_aam m_asbm 

mx mx_sbKm, mx_sbXm mx_aKd, mx_aXd mx_aam mx_asbm 

mi mi_sbIm mi_aId mi_aam mi_asbm 

vm vm_sbKm vm_aKd vm_aam vm_asbm 

vmx vmx_sbKm, vmx_sbXm vmx_aKd, vmx_aXd vmx_aam vmx_asbm 

vmi vmi_sbIm vmi_aId vmi_aam vmi_asbm 
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 out=ab+cd out=ab-cd out=(a-b)(c-d) out=ab+c 

where a & c are vectors,  

b is scalar 

s mma mmsb sbsbm - 

x x_mma, x_rmrma x_mmsb, x_rmrmsb x_sbsbm - 

i i_mma i_mmsb i_sbsbm - 

v v_mma v_mmsb v_sbsbm v_sma 

vx vx_mma, vx_rmrma vx_mmsb, vx_rmrmsb vx_sbsbm vx_sma 

vi vi_mma vi_mmsb vi_sbsbm vi_sma 

vv vv_mma vv_mmsb vv_sbsbm vv_sma 

vvx vvx_mma, vvx_rmrma vvx_mmsb, vvx_rmrmsb vvx_sbsbm vvx_sma 

vvi vvi_mma vvi_mmsb vvi_sbsbm vvi_sma 

m m_mma m_mmsb m_sbsbm m_sma 

mx mx_mma, mx_rmrma mx_mmsb, mx_rmrmsb mx_sbsbm mx_sma 

mi mi_mma mi_mmsb mi_sbsbm mi_sma 

vm vm_mma vm_mmsb vm_sbsbm vm_sma 

vmx vmx_mma, vmx_rmrma vmx_mmsb, vmx_rmrmsb vmx_sbsbm vmx_sma 

vmi vmi_mma vmi_mmsb vmi_sbsbm vmi_sma 
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Magnitudes and Other Arit hmetic  

 

 Magnitude 

out=abs(in) 

Negative Magnitude 

out=-abs(in) 

Magnitude Squared 

out=abs(in)
2 
 

Magnitude and Add 

out=|a|
2
+b  

where a is complex, 

 b is real 

Distance  

out=sqrt(a
2
+b

2
) 

s abs nabs   dist 

x x_mag  x_mag2 x_mgsa  

i i_abs i_nabs    

v v_abs v_nabs   v_dist 

vx vx_mag  vx_mag2 vx_mgsa  

vi vi_abs vi_nabs    

vv vv_abs vv_nabs   vv_dist 

vvx vvx_mag  vvx_mag2 vvx_mgsa  

vvi vvi_abs vvi_nabs    

m m_abs m_nabs   m_dist 

mx mx_mag  mx_mag2 mx_mgsa  

mi mi_abs mi_nabs    

vm vm_abs vm_nabs   vm_dist 

vmx vmx_mag  vmx_mag2 vmx_mgsa  

vmi vmi_abs vmi_nabs    
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 Convert Amplitude to 

Decibels 

Convert Decibels to 

Amplitude  

Exponent and Multiply  

out=b*exp(ia) where a is 

real and b is complex 

Butterfly  

aout=ain+bin 

bout=W*(ain -bin) 

Pythagorean Formula 

out=sqrt((x2-x1)
2
+(y2-y1)

2
) 

s db amp   pythg 

x   x_expml x_butterfly   

i      

v v_db v_amp   v_pythg 

vx   vx_expml vx_butterfly   

vi      

vv vv_db vv_amp   vv_pythg 

vvx   vvx_expml vvx_butterfly  

vvi      

m m_db m_amp   m_pythg 

mx   mx_expml mx_butterfly  

mi      

vm vm_db vm_amp   vm_pythg 

vmx   vmx_expml vmx_butterfly  

vmi      
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 Scale by Power of 2 

out=in*2
K
 

Shrink by Factor of 2 

out[i]=(a[2i]+a[2i+1])/2  

Weighted Mean  Correlation Coefficient Cross Correlation 

s scale     

x      

i      

v v_scale v_shrink v_wmean v_corr v_ccorr 

vx  vx_shrink    

vi      

vv vv_scale vv_shrink vv_wmean vv_corr vv_ccorr_v 

vvx  vvx_shrink    

vvi      

m m_scale     

mx      

mi      

vm vm_scale     

vmx      

vmi      
 

 

 Autocorrelation Deviation from Mean Cross Coherence Variance  Standard Deviation  

s      

x      

i      

v v_acorr v_meande v_ccoh v_var v_stddev 

vx      

vi      

vv vv_acorr_v vv_meande vv_ccoh vv_var vv_stddev 

vvx      

vvi      

m      

mx      

mi      

vm      

vmx      

vmi      
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 Range 

out=MAX(in[i]) -

MIN(in[i])  

Index of First Nonzero 

Element  

Index of Last Nonzero 

Element  

Number of 0 Crossings  Linear Least Squares 

Find m and b such that 

y=mx+b is best fit  

s      

x      

i      

v v_range v_first v_last v_nzcros v_lsq 

vx      

vi    vi_nzcros  

vv vv_range vv_first vv_last vv_nzcros vv_lsq 

vvx      

vvi    vvi_nzcros  

m      

mx      

mi      

vm      

vmx      

vmi      
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Decimation and Interpolation  

 

 Decimate Tokens Decimate Vector Linearly Interpolate Two 

Streams  

Interpolate Tokens by 

Repetition 

Linearly Interpolate 

Tokens 

s decimate - intb  interpolate1 interpolate2 

x x_decimate - x_intb x_interp1 x_interp2 

i i_decimate -  i_interpolate1  

v v_decimate v_decim2to1, 

v_decimDto1 
v_intb v_replicate  

vx vx_decimate vx_decim2to1, 

vx_decimDto1 

vx_intb vx_replicate  

vi vi_decimate vi_decimDto1  vi_replicate  

vv vv_decimate vv_decim2to1, 

vv_decimDto1 

vv_intb vv_replicate  

vvx vvx_decimate vvx_decim2to1, 

vvx_decimDto1 

vvx_intb vvx_replicate  

vvi vvi_decimate vvi_decimDto1  vvi_replicate  

m m_decimate  m_intb m_replicate  

mx mx_decimate  mx_intb mx_replicate  

mi mi_decimate   mi_replicate  

vm vm_decimate  vm_intb vm_replicate  

vmx vmx_decimate  vmx_intb vmx_replicate  

vmi vmi_decimate   vmi_replicate  
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 Interpolate Vector by 

Repetition 

Linearly Interpolate 

Vector 

Decimate and Interpolate, 

Truncate Fractional 

Index 

Decimate and Interpolate, 

Linearly  

s - - ratemod1 ratemod2 

x - -   

i - - i_ratemod1  

v v_interp1 v_interp2   

vx vx_interp1 vx_interp2   

vi vi_interp1    

vv vv_interp1 vv_interp2   

vvx vvx_interp1 vvx_interp2   

vvi vvi_interp1    

m     

mx     

mi     

vm     

vmx     

vmi     
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Other Repetitions  

 

 Repeat First Tokens, Blocking 

out(i)=in(i%N)  

 

Repeat First Tokens, Nonblocking 

out(i)=in(i%N)  

Sample and Hold 

out(i)=in(Offset+F(i)) 

where F(i)=Sample*floor(i/Sample)  

s repeat nbrepeat samp_hold 

x x_repeat x_nbrepeat x_samp_hold 

i i_repeat i_nbrepeat i_samp_hold 

v v_repeat v_nbrepeat  

vx vx_repeat vx_nbrepeat  

vi vi_repeat vi_nbrepeat  

vv vv_repeat vv_nbrepeat  

vvx vvx_repeat vvx_nbrepeat  

vvi vvi_repeat vvi_nbrepeat  

m m_repeat m_nbrepeat  

mx mx_repeat mx_nbrepeat  

mi mi_repeat mi_nbrepeat  

vm vm_repeat vm_nbrepeat  

vmx vmx_repeat vmx_nbrepeat  

vmi vmi_repeat vmi_nbrepeat  
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Data Conversions   

 

 s x i v vx vi 

s copy s_x, x_cmplx aint, round s_v, v_fill    

K  constant   v_constant   

x x_real, 

x_imag, 

x_split 

x_copy   x_vx, vx_fill   

KX  x_constant    vx_constant  

i si_s  i_copy   si_vi 

KI  i_constant     vi_constant 

v v_s   v_copy v_vx, 

vx_cmplx 

v_aint, 

v_round 

VK     v_vconst   

vx  vx_x  vx_real, 

vx_imag, 

vx_split 

vx_copy  

VX     vx_vxconst  

vi   vi_si vi_v  vi_copy 

VI       vi_viconst 
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 vv vvx vvi m mx mi vm vmx vmi 

vv vv_copy vv_vvx, 

vvx_cmplx 

vv_aint, 

vv_round 

   vv_vm   

vvx vvx_split, 

vvx_real, 

vvx_imag 

vvx_copy      vvx_vmx  

vvi vvi_vv  vvi_copy      vvi_vmi 

m    m_copy m_mx, 

mx_cmplx 

m_aint, 

m_round 

   

MK     m_mconst      

mx    mx_split, 

mx_real, 

mx_imag 

mx_copy     

MX      mx_mxconst     

mi    mi_m  mi_copy    

MI       mi_miconst    

vm vm_vv      vm_copy vm_vmx, 

vmx_cmplx 

vm_aint, 

vm_round 

vmx  vmx_vvx     vmx_split, 

vmx_real, 

vmx_imag 

vmx_copy  

vmi   vmi_vvi      vmi_copy 
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 vv vvx vvi m mx mi vm vmx vmi  

s s_vv, vv_fill   s_m, m_fill   s_vm, vm_fill   

K    m_constant      

x  x_vvx, 

vvx_fill  

  x_mx, mx_fill   x_vmx, 

vmx_fill  

 

KX      mx_constant     

i   si_vvi, 

vvi_fill  

  si_mi, mi_fill   si_vmi, 

vmi_fill  

KI       mi_constant    

v v_vv   v_m      

VK           

vx  vx_vvx   vx_mx     

VX          

vi   vi_vvi   vi_mi    

VI           
 

 

 s x i v vx vi 

vv vv_s      

vvx  vvx_x     

vvi   vvi_si    

m m_s   m_v   

MK        

mx  mx_x   mx_vx  

MX      MX_vxrep, 

mx_vxrepMX 

 

mi   mi_si   mi_vi 

MI        

vm vm_s      

vmx  vmx_x     

vmi   vmi_si    
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Other Data Conversions  

 

 Data Conversions with a Transpose One-to-One Data Conversions  One-to-One Data Conversions with a 

Transpose 

m vm m vm m vm 

s s_mt, mt_s s_vmt, vmt_s - - - - 

x x_mxt, mxt_x x_vmxt, vmxt_x - - - - 

i si_mit, mit_si si_vmit, vmit_si - - - - 

v v_mt, mt_v - v_m1, m_v1 - v_mt1, mt_v1 - 

vx vx_mxt, mxt_vx - vx_mx1, mx_vx1 - vx_mxt1, mxt_vx1 - 

vi vi_mit, mit_vi - vi_mi1, mi_vi1 - vi_mit1, mit_vi1 - 

vv - vmt_vv - vv_vm1, vm_vv1 - vv_vmt1, vmt1_vv1 

vvx - vmxt_vvx - vvx_vmx1, vmx_vvx1 - vvx_vmxt1, 

vmxt_vvx1 

vvi - vmit_vvi - vvi_vmi1, vmi_vvi1 - vvi_vmit1, vmit_vvi1 
 

 

 Convert to Family of Scalars  Convert to Family of Vectors Convert to Family of Scalars with a 

Transpose 

v fam_v, v_fam - - 

vx fam_vx, vx_fam - - 

vi fam_vi, vi_fam - - 

vv fam_vv - - 

vvx  - - 

vvi  - - 

m fam_m, m_fam rfam_m, cfam_m, m_rfam, m_cfam fam_mt, mt_fam 

mx fam_mx, mx_fam rfam_mx, cfam_mx, mx_rfam, mx_cfam fam_mxt, mxt_fam 

mi fam_mi, mi_fam rfam_mi, cfam_mi, mi_rfam, mi_cfam fam_mit, mit_fam 

vm    

vmx    

vmi    
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Multiplexers and Demultiplexers  

 

 Multiplexer  Demultiplexer  Two Input Multiplexer  Two Output Demultiplexer 

 

s mux demux mux2 demux2 

x x_mux x_demux x_mux2 x_demux2 

i i_mux i_demux i_mux2 i_demux2 

v v_mux v_demux v_mux2 v_demux2 

vx vx_mux vx_demux vx_mux2 vx_demux2 

vi vi_mux vi_demux vi_mux2 vi_demux2 

vv vv_mux vv_demux vv_mux2 vv_demux2 

vvx vvx_mux vvx_demux vvx_mux2 vvx_demux2 

vvi vvi_mux vvi_demux vvi_mux2 vvi_demux2 

m m_mux m_demux m_mux2 m_demux2 

mx mx_mux mx_demux mx_mux2 mx_demux2 

mi mi_mux mi_demux mi_mux2 mi_demux2 

vm vm_mux vm_demux vm_mux2 vm_demux2 

vmx vmx_mux vmx_demux vmx_mux2 vmx_demux2 

vmi vmi_mux vmi_demux vmi_mux2 vmi_demux2 
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Rearrange Data  

 

 Reverse 

out[i]=in[N -i-1] 

Sort  Gather  

out[P[i]]=in[i]  

Scatter  

out[i]=in[P[i]]  

v v_rvrs v_sort v_gather v_scatter 

vx vx_rvrs vx_sort, vx_sortmg vx_gather vx_scatter 

vi vi_rvrs vi_sort vi_gather vi_scatter 

vv vv_rvrs vv_sort vv_gather_v vv_scatter_v 

vvx vvx_rvrs vvx_sort, vvx_sortmg vvx_gather_vx vvx_scatter_vx 

vvi vvi_rvrs vvi_sort vvi_gather_vi vvi_scatter_vi 

m m_rvrs, m_flip_lr, m_flip_ud  m_gather, m_rgather, m_cgather m_scatter, m_rscatter, m_cscatter 

mx mx_rvrs, mx_flip_lr, mx_flip_ud  mx_gather, mx_rgather, 

mx_cgather 

mx_scatter, mx_rscatter, 

mx_cscatter 

mi mi_rvrs, mi_flip_lr, mi_flip_ud  mi_gather, mi_rgather, mi_cgather mi_scatter, mi_rscatter, mi_cscatter 

vm vm_rvrs, vm_flip_lr, vm_flip_ud  vm_gather_m, vm_rgather, 

vm_cgather 

vm_scatter_m, vm_rscatter, 

vm_cscatter 

vmx vmx_rvrs, vmx_flip_lr, 

vmx_flip_ud 
 vmx_gather_mx, vmx_rgather, 

vmx_cgather 

vmx_scatter_mx, vmx_rscatter, 

vmx_cscatter 

vmi vmi_rvrs, vmi_flip_lr, vmi_flip_ud  vmi_gather_mi, vmi_rgather, 

vmi_cgather 

vmi_scatter_mi, vmi_rscatter, 

vmi_cscatter 
 

 



Appendix D  Primitive Library Functions  

GEDAEÊ Reference Manual    37 

 2-D Index Permutation of Stream  3-D Index Permutation of Stream 4-D Permutation of Stream Corner Turn  

[j]out[i]=[i]in[j]  

s permute2 permute3 permute4 - 

x x_permute2 x_permute3 x_permute4 - 

i i_permute2 i_permute3 i_permute4 - 

v    v_cturn 

vx    vx_cturn 

vi    vi_cturn 

vv     

vvx     

vvi     

m     

mx     

mi     

vm     
vmx     

vmi     
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Resizing and Introducing Zeros  

 

 Size 

out=LENGTH(in[i])  

Resize 

Zero fill if N > LENGTH(in[j])  

Else clip vector to size.  

Pad with Zeros at End 

out[i]=in[i] for i=0..N -1 

out[N+i]=0 for i=0..Pad-1 

Pad with Zeros at Beginning 

out[i]=in[i] for i=0..(D -1) 

out[i+D]=in[i] for i=0..(N -D-1)  

v v_size v_resize v_zfill  v_pitch 

vx vx_size vx_resize vx_zfill  vx_pitch 

vi vi_size vi_resize vi_zfill  vi_pitch 

vv vv_size vv_resize vv_zfill, vv_vzfill  vv_pitch 

vvx vvx_size vvx_resize vvx_zfill, vvx_vzfill  vvx_pitch 

vvi vvi_size vvi_resize vvi_zfill,  vvi_vzfill  vvi_pitch 

m m_size m_resize m_zfill  

mx mx_size mx_resize mx_zfill  

mi mi_size mi_resize mi_zfill   

vm vm_size vm_resize vm_zfill, vm_vzfill  

vmx vmx_size vmx_resize vmx_zfill, vmx_vzfill  

vmi vmi_size vmi_resize vmi_zfill, vmi_vzfill   
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Concatenation  

 

 Concatenate with Stream 
of Arrays 

out[i]=a[i] for i=0..N -1 
out[j+N]=b[j] for j=0..M -1 

Concatenate with Constant 
Array  

 

Temporally Concatenate 
 

Family Concatenate 
 

Augment Matrix  
Concatenate matrix and 

vector 

v v_concat v_concatVK, v_VKconcat v_concatN v_nconcat - 

vx vx_concat vx_concatVX, vx_VXconcat vx_concatN vx_nconcat - 

vi vi_concat vi_concatVI, vi_VIconcat vi_concatN vi_nconcat - 

vv vv_concat vv_concatVK, vv_VKconcat vv_concatN vv_nconcat - 

vvx vvx_concat vvx_concatVX, 
vvx_Vxconcat 

vvx_concatN vvx_nconcat - 

vvi vvi_concat vvi_concatVI, vvi_VIconcat vvi_concatN vvi_nconcat - 

m m_concat, m_rconcat, 
m_cconcat 

m_rconcatMK, 
m_MKrconcat, 
m_cconcatMK, 
m_MKcconcat  

m_concatN, m_rconcatN, 
m_cconcatN 

m_nconcat, m_rnconcat, 
m_cnconcat 

m_raugmnt, m_caugmnt 

mx mx_concat, mx_rconcat, 
mx_cconcat, mx_adjoin 

mx_rconcatMX, 
mx_MXrconcat, 
mx_cconcatMX, 
mx_MXcconcat  

mx_concatN, mx_rconcatN, 
mx_cconcatN 

mx_nconcat, mx_rnconcat, 
mx_cnconcat 

mx_raugmnt, mx_caugmnt 

mi mi_concat, mi_rconcat, 
mi_cconcat 

mi_rconcatMI, 
mi_MIrconcat, 
mi_cconcatMI, 
mi_MIcconcat  

mi_concatN, mi_rconcatN, 
mi_cconcatN 

mi_nconcat, mi_rnconcat, 
mi_cnconcat 

mi_raugmnt, mi_caugmnt 

vm vm_concat, vm_rconcat, 
vm_cconcat 

vm_rconcatMK, 
vm_MKrconcat, 
vm_cconcatMK, 
vm_Mkcconcat 

vm_concatN, vm_rconcatN, 
vm_cconcatN 

vm_nconcat, vm_rnconcat, 
vm_cnconcat 

vm_raugmnt, vm_caugmnt 

vmx vmx_concat, vmx_rconcat, 
vmx_cconcat 

vmx_rconcatMX, 
vmx_MXrconcat, 
vmx_cconcatMX, 
vmx_Mxcconcat 

vmx_concatN, 
vmx_rconcatN, 
vmx_cconcatN 

vmx_nconcat, 
vmx_rnconcat, 
vmx_cnconcat 

vmx_raugmnt, 
vmx_caugmnt 

vmi vmi_concat, vmi_rconcat, 
vmi_cconcat 

vmi_rconcatMI, 
vmi_MIrconcat, 
vmi_cconcatMI, 
vmi_MIcconcat 

vmi_concatN, 
vmi_rconcatN, 
vmi_cconcatN 

vmi_nconcat, vmi_rnconcat, 
vmi_cnconcat 

vmi_raugmnt, vmi_caugmnt 

 



Appendix D  Primitive Library Functions  

GEDAEÊ Reference Manual    40 

 

Partition  

 

 Temporally Partition  

out(i)[j]=in[iJ+j]  

Family Partition  

[i]out[j]=i n[i(J/I)+j]  

v v_partN v_part 

vx vx_partN vx_part 

vi vi_partN vi_part 

vv vv_partN vv_part 

vvx vvx_partN vvx_part 

vvi vvi_partN vvi_part 

m m_partN, m_rpartN, m_cpartN m_part, m_rpart, m_cpart 

mx mx_partN, mx_rpartN, mx_cpartN mx_part, mx_rpart, mx_cpart 

mi mi_partN, mi_rpartN, mi_cpartN mi_part, mi_rpart, mi_cpart 

vm vm_partN, vm_rpartN, vm_cpartN vm_part, vm_rpart, vm_cpart 

vmx vmx_partN, vmx_rpartN, vmx_cpartN vmx_part, vmx_rpart, vmx_cpart 

vmi vmi_partN, vmi_rpartN, vmi_cpartN vmi_part, vmi_rpart, vmi_cpart 
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Cut and Merge  

 

 Cut 

[j]out[i]=in[iJ+j]  

Cut Into Two Parts 

a[i]=in[2i], b[i]=in[2i+1]  

Merge  

out=[jI+i]=[i]in[j]  

Merge Two Parts  

out[2i]=a[i], out[2i+1]=b[i]  

Merge Two Sorted 

Vectors  

v v_cut v_cut2 v_merge v_merge2 v_mrg 

vx vx_cut vx_cut2 vx_merge vx_merge2  

vi vi_cut vi_cut2 vi_merge vi_merge2  

vv vv_cut vv_cut2 vv_merge vv_merge2 vv_mrg 

vvx vvx_cut vvx_cut2 vvx_merge vvx_merge2  

vvi vvi_cut vvi_cut2 vvi_merge vvi_merge2  

m m_cut, m_rcut, m_ccut  m_merge, m_rmerge, 

m_cmerge 

  

mx mx_cut, mx_rcut, mx_ccut  mx_merge, mx_rmerge, 

mx_cmerge 

  

mi mi_cut, mi_rcut, mi_ccut  mi_merge, mi_rmerge, 

mi_cmerge 

  

vm vm_cut, vm_rcut, vm_ccut  vm_merge, vm_rmerge, 

vm_cmerge 

  

vmx vmx_cut, vmx_rcut, 

vmx_ccut 

 vmx_merge, vmx_rmerge, 

vmx_cmerge 

  

vmi vmi_cut, vmi_rcut, 

vmi_ccut 

 vmi_merge, vmi_rmerge, 

vmi_cmerge 
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Selecting Subparts   

 

 Select Subpart with Constant 

Start Index 

Select Subpart with Floating 

Start Index 

Select Subpart with Constant 

Start Index and Stride 

Select Subpart with Floating 

Start Index and Stride 

v v_selsubK, v_subvec v_selsub v_selstrK v_selstr 

vx vx_selsubK, vx_subvec vx_selsub vx_selstrK vx_selstr 

vi vi_selsubK, vi_subvec vi_selsub vi_selstrK vi_selstr 

vv vv_selsubK_v, vv_subvec_v vv_selsub, vv_selsub_v vv_selstrK_v vv_selstr, vv_selstr_v 

vvx vvx_selsubK_vx, vvx_subvec_vx vvx_selsub, vvx_selsub_vx vvx_selstrK_vx vvx_selstr, vvx_selstr_vx 

vvi vvi_selsubK_vi, vvi_subvec_vi vvi_selsub, vvi_selsub_vi vvi_selstrK_vi vvi_selstr, vvi_selstr_vi 

m m_selsubK m_selsub   

mx mx_selsubK mx_selsub   

mi mi_selsubK mi_selsub   

vm  vm_selsub, vm_selsub_m   

vmx  vmx_selsub, vmx_selsub_mx   

vmi  vmi_selsub, vmi_selsub_mi   
 

 

 Select Column with Constant 

Index 

Select Column with Floating 

Index 

Select Row with Constant Index Select Row with Floating Index 

m m_selcolK m_selcol m_selrowK m_selrow 

mx mx_selcolK mx_selcol mx_selrowK mx_selrow 

mi mi_selcolK mi_selcol mi_selrowK mi_selrow 

vm vm_selcolK vm_selcol vm_selrowK vm_selrow 

vmx vmx_selcolK vmx_selcol vmx_selrowK vmx_selrow 

vmi vmi_selcolK vmi_selcol vmi_selrowK vmi_selrow 
 

 

 Select Main Diagonal Select Subdiagonal by Index Upper Triangle  Lower Triangle 

m m_seldiag m_seldiagK m_utri m_ltri 

mx mx_seldiag mx_seldiagK mx_utri mx_ltri 

mi mi_seldiag mi_seldiagK mi_utri mi_ltri 

vm vm_seldiag vm_seldiagK vm_utri vm_ltri 

vmx vmx_seldiag vmx_seldiagK vmx_utri vmx_ltri 

vmi vmi_seldiag vmi_seldiagK vmi_utri vmi_ltri 
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 Halve  Split Into Two Parts Quarter  Split into Four Parts 

v v_halve v_halveK   

vx vx_halve vx_halveK   

vi vi_halve vi_halveK   

vv vv_halve vv_halveK, vv_shalve   

vvx vvx_halve vvx_halveK, vvx_shalve   

vvi vvi_halve vvi_halveK, vvi_shalve   

m m_chalve, m_rhalve m_chalveK, m_rhalveK m_qrtr m_qrtrK 

mx mx_chalve, mx_rhalve mx_chalveK, mx_rhalveK mx_qrtr mx_qrtrK 

mi mi_chalve, mi_rhalve mi_chalveK, mi_rhalveK mi_qrtr mi_qrtrK 

vm vm_chalve, vm_rhalve vm_chalveK, vm_rhalveK vm_qrtr  

vmx vmx_chalve, vmx_rhalve vmx_chalveK, vmx_rhalveK vmx_qrtr  

vmi vmi_chalve, vmi_rhalve vmi_chalveK, vmi_rhalveK vmi_qrtr  
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Arranging Data Temporally  

 

 Leaky Valve  Delay Overlapping Stream to Vector  

s valve delay s_ovrl_v, v_ovrl_s 

x x_valve x_delay x_ovrl_vx, vx_ovrl_x 

i i_valve i_delay si_ovrl_vi, vi_ovrl_si 

v v_valve v_delay - 

vx vx_valve vx_delay - 

vi vi_valve vi_delay - 

vv vv_valve vv_delay - 

vvx vvx_valve vvx_delay - 

vvi vvi_valve vvi_delay - 

m m_valve m_delay - 

mx mx_valve mx_delay - 

mi mi_valve mi_delay - 

vm vm_valve vm_delay - 

vmx vmx_valve vmx_delay - 

vmi vmi_valve vmi_delay - 
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Branch and Merge    

 

 Branch on Constant Branch on Stream Merge on Constant Merge on Stream Distribute to Two Outputs  

s branchK branch mergeK merge, select distribute  

x      

i i_branchK  i_mergeK i_merge  

v v_branchK v_branch v_mergeK v_merge  

vx      

vi      

vv      

vvx      

vvi      

m      

mx      

mi      

vm      

vmx      

vmi      
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Trigonometry  

 

 Cosine Sine Tangent Cosh Sinh Tanh Arccosine Arcsine Arctangent 2 Argument 

Arctan 

s cos sin tan cosh sinh tanh acos asin atan atan2 

x x_cos x_sin x_tan        

i           

v v_cos v_sin v_tan v_cosh v_sinh v_tanh v_acos v_asin v_atan v_atan2 

vx vx_cos vx_sin vx_tan        

vi           

vv vv_cos vv_sin vv_tan vv_cosh vv_sinh vv_tanh vv_acos vv_asin vv_atan vv_atan2 

vvx vvx_cos vvx_sin vvx_tan        

vvi           

m m_cos m_sin m_tan m_cosh m_sinh m_tan m_acos m_asin m_atan m_atan2 

mx mx_cos mx_sin mx_tan        

mi           

vm vm_cos vm_sin vm_tan vm_cosh vm_sinh vm_tanh vm_acos vm_asin vm_atan vm_atan2 

vmx vmx_cos vmx_sin vmx_tan        

vmi           
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Powers  

 

 Exp Exp10 Exp2 Pow 

out=a
b
 

Power 

out =K
in
 

Power 

out=in
K
 

Power 

 out=X
in
 

Power 

out=in
X
 

s exp exp10 exp2 pow pow_K2in pow_in2K   

x x_exp   x_pow x_pow_K2in x_pow_in2K x_pow_X2in x_pow_in2X 

i         

v v_exp v_exp10 v_exp2 v_pow v_pow_K2in v_pow_in2K   

vx vx_exp   vx_pow vx_pow_K2in vx_pow_in2K vx_pow_X2in vx_pow_in2X 

vi         

vv vv_exp vv_exp10 vv_exp2 vv_pow vv_pow_K2in vv_pow_in2K   

vvx vvx_exp   vvx_pow vvx_pow_K2in vvx_pow_in2K vvx_pow_X2in vvx_pow_in2X 

vvi         

m m_exp m_exp10 m_exp2 m_pow m_pow_K2in m_pow_in2K   

mx mx_exp   mx_pow mx_pow_K2in mx_pow_in2K mx_pow_X2in mx_pow_in2X 

mi         

vm vm_exp vm_exp10 vm_exp2 vm_pow vm_pow_K2in vm_pow_in2K   

vmx vmx_exp   vmx_pow vmx_pow_K2in vmx_pow_in2K vmx_pow_X2in vmx_pow_in2X 

vmi         
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Squares  and Square Roots  

 

 Square 

out=in*in  

Signed Square 

out=in*abs(in) 

Cube 

out=in
3
 

Square Root Square Root with 

Negative Check and 

Constant Replacement 

Square Root with 

Negative Check and 

Stream Replacement 

s sqr ssq cube sqrt sqrtz  

x x_sqr  x_cube x_sqrt   

I  i_sqr i_ssq i_cube i_sqrt i_sqrtz  

v v_sqr v_ssq v_cube v_sqrt v_sqrtzK v_sqrtz 

vx vx_sqr  vx_cube vx_sqrt   

vi vi_sqr vi_ssq vi_cube vi_sqrt vi_sqrtzK vi_sqrtz 

vv vv_sqr vv_ssq vv_cube vv_sqrt vv_sqrtzK vv_sqrtz 

vvx vvx_sqr  vvx_cube vvx_sqrt   

vvi vvi_sqr vvi_ssq vvi_cube vvi_sqrt vvi_sqrtzK vvi_sqrtz 

m m_esqr m_essq m_ecube m_esqrt m_esqrtzK m_esqrtz 

mx mx_esqr  mx_ecube mx_esqrt   

mi mi_esqr mi_essq mi_ecube mi_esqrt mi_esqrtzK mi_esqrtz 

vm vm_esqr vm_essq vm_ecube vm_esqrt vm_esqrtzK vm_esqrtz 

vmx vmx_esqr  vmx_ecube vmx_esqrt   

vmi vmi_esqr vmi_essq vmi_ecube vmi_esqrt vmi_esqrtzK vmi_esqrtz 
 

 



Appendix D  Primitive Library Functions  

GEDAEÊ Reference Manual    49 

Logarithms  

 

 Ln  Ln with 0 Check Log Base 10 Log Base 10 with 0 

Check 

Log Base 2 Log Base 2 with 0 

Check 

s ln lnz log logz log2 log2z 

x x_ln x_lnz x_log x_logz x_log2 x_log2z 

i   i_log  i_log2  

v v_ln v_lnz v_log v_logz v_log2 v_log2z 

vx vx_ln vx_lnz vx_log vx_logz vx_log2 vx_log2z 

vi   vi_log  vi_log2  

vv vv_ln vv_lnz vv_log vv_logz vv_log2 vv_log2z 

vvx vvx_ln vvx_lnz vvx_log vvx_logz vvx_log2 vvx_log2z 

vvi   vvi_log  vvi_log2  

m m_ln m_lnz m_log m_logz m_log2 m_log2z 

mx mx_ln mx_lnz mx_log mx_logz mx_log2 mx_log2z 

mi   mi_log  mi_log2  

vm vm_ln vm_lnz vm_log vm_logz vm_log m_log2z 

vmx vmx_ln vmx_lnz vmx_log vmx_logz vmx_log2 mx_log2z 

vmi   vmi_log  vmi_log2  
 

 



Appendix D  Primitive Library Functions  

GEDAEÊ Reference Manual    50 

Elementwise Maximum and Minimum:  out= M(a,b)    

 

 Elementwise Max Elementwise Max Magnitude Elementwise Min Elementwise Min Magnitude 

s max maxmg min minmg 

x  x_maxmg  x_minmg 

i i_max i_maxmg i_min i_minmg 

v v_max v_maxmg v_min v_minmg 

vx  vx_maxmg  vx_minmg 

vi vi_max vi_maxmg vi_min vi_minmg 

vv vv_max vv_maxmg vv_min vv_minmg 

vvx  vvx_maxmg  vvx_minmg 

vvi vvi_max vvi_maxmg vvi_min vvi_minmg 

m m_max m_maxmg m_min m_minmg 

mx  mx_maxmg  mx_minmg 

mi mi_max mi_maxmg mi_min mi_minmg 

vm vm_max vm_maxmg vm_min vm_minmg 

vmx  vmx_maxmg  vmx_minmg 

vmi vmi_max vmi_maxmg vmi_min vmi_minmg 
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Vector Maximum and Minimum:  out= M(in[i])  

 

 Vector Max Vector Max Magnitude Vector Min  Vector Min Magnitude 

v v_smax, v_smaxi v_smaxmg, v_smaxmgi v_smin, v_smini v_sminmg, v_sminmgi 

vx  vx_smaxmg, vx_smaxmgi  vx_sminmg, vx_sminmgi 

vi vi_smax, vi_smaxi vi_smaxmg, vi_smaxmgi vi_smin, vi_smini vi_sminmg, vi_sminmgi 

vv vv_smax, vv_smaxi vv_smaxmg, vv_smaxmgi vv_smin, vv_smini vv_sminmg, vv_sminmgi 

vvx  vvx_smaxmg, vvx_smaxmgi  vvx_sminmg, vvx_sminmgi 

vvi vvi_smax, vvi_smaxi vvi_smaxmg, vvi_smaxmgi vvi_smin, vvi_smini vvi_sminmg, vvi_sminmgi 

m m_smax, m_smaxi m_smaxmg, m_smaxmgi m_smin, m_smini m_sminmg, m_sminmgi 

mx  mx_smaxmg, mx_smaxmgi  mx_sminmg, mx_sminmgi 

mi mi_smax, mi_smaxi mi_smaxmg, mi_smaxmgi mi_smin, mi_smini mi_sminmg, mi_sminmgi 

vm vm_smax, vm_smaxi vm_smaxmg, vm_smaxmgi vm_smin, vm_smini vm_sminmg, vm_sminmgi 

vmx  vmx_smaxmg, vmx_smaxmgi  vmx_sminmg, vmx_sminmgi 

vmi vmi_smax, vmi_smaxi vmi_smaxmg, vmi_smaxmgi vmi_smin, vmi_smini vmi_sminmg, vmi_sminmgi 
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Vector Mean  

 

 Vector Mean 

out=MEAN(in[i])  

Vector Mean Magnitude 

out=MEAN(| in[i]|)  

Vector Mean of Squares 

out=MEAN(in[i]
2
)  

Vector Mean of Signed 

Squares 

out=MEAN(in[i]*|in[i]|)  

Vector Root Mean 

Squared 

out=SQRT(MEAN(in[i]
2
))  

s - - - - - 

x - - - - - 

i - - - - - 

v v_mean v_meamg v_measq v_messq v_rmsq 

vx vx_mean vx_meamg    

vi vi_mean vi_meamg vi_measq vi_messq vi_rmsq 

vv vv_mean vv_meamg vv_measq vv_messq vv_rmsq 

vvx vvx_mean vvx_meamg    

vvi vvi_mean vvi_meamg vvi_measq vvi_messq vvi_rmsq 

m m_mean, m_rmean, 

m_cmean 

m_meamg m_measq, m_rmeasq, 

m_cmeasq 

m_messq, m_rmessq, 

m_cmessq 

m_rmsq, m_rrmsq, 

m_crmsq 

mx mx_mean, mx_rmean, 

mx_cmean 

mx_meamg    

mi mi_mean, mi_rmean, 

mi_cmean 

mi_meamg mi_measq, mi_rmeasq, 

mi_cmeasq 

mi_messq, mi_rmessq, 

mi_cmessq 

mi_rmsq, mi_rrsmq, 

mi_crmsq 

vm vm_mean, vm_rmean, 

vm_cmean 

vm_meamg vm_measq, vm_rmeasq, 

vm_cmeasq 

vm_messq, vm_rmessq, 

vm_cmessq 

vm_rmsq, vm_rrsmq, 

vm_crmsq 

vmx vmx_mean, vmx_rmean, 

vmx_cmean 

vmx_meamg    

vmi vmi_mean, vmi_rmean, 

vmi_cmean 

vmi_meamg vmi_measq, vmi_rmeasq, 

vmi_cmeasq 

vmi_messq, vmi_rmessq, 

vmi_cmessq 

vmi_rmsq, vmi_rrmsq, 

vmi_crmsq 
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Other Averages  

 

 Elementwise Average 

out=(a+b)/2 

Vector Running Average 

out[i]=(1/i+1)SUM(in[k])  

for k=0..i  

Exponential Average  

out[i]=(p)in[i]+  

(1-p)out[i -1] 

where p=1/K 

Linear Average 

out[i]=(p)in[i]+  

(1-p)out[i -1] 

where p=1/(K+1) 

Sliding Window Average 

out(i)=SUM(in(k))/Width  

for k=(i -Width+1)..i  

s average - avexp avlin avewin 

x x_average - x_avexp x_avlin x_avewin 

i i_average -    

v v_average v_runave v_avexp v_avlin  

vx vx_average vx_runave vx_avexp vx_avlin  

vi vi_average     

vv vv_average vv_runave vv_avexp vv_avlin  

vvx vvx_average vvx_runave vvx_avexp vvx_avlin  

vvi vvi_average     

m m_average     

mx mx_average     

mi mi_average     

vm vm_average     

vmx vmx_average     

vmi vmi_average     
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Vector Sum  

 

 Sum of Elements 

out=SUM(in[i])  

Sum of Elements Squared 

out=SUM(in[i]
2
)  

Sum of Elements Signed 

Squared 

out=SUM(in[i]*|in[i]|)  

Sum of Magnitudes 

out=SUM(|in[i]|)  

Sum of Magnitudes 

Squared 

out=SUM(|in[i]|
2
)  

v v_selem v_sesq v_sssq v_smg  

vx vx_selem vx_sesq  vx_smg vx_smgs 

vi vi_selem vi_sesq vi_sssq vi_smg  

vv vv_selem vv_sesq vv_sssq vv_smg  

vvx vvx_selem vvx_sesq  vvx_smg vvx_smgs 

vvi vvi_selem vvi_sesq vvi_sssq vvi_smg  

m m_selem, m_rselem, 

m_cselem 

m_sesq, m_rsesq, m_csesq m_sssq, m_rsssq, m_csssq m_smg, m_rsmg, m_csmg  

mx mx_selem, mx_rselem, 

mx_cselem 

mx_sesq, mx_rsesq, 

mx_csesq 

 mx_smg, mx_rsmg, 

mx_csmg 
mx_smgs 

mi mi_selem, mi_rselem, 

mi_cselem 

mi_sesq, mi_rsesq, 

mi_csesq 

mi_sssq, mi_rsssq, 

mi_csssq 

mi_smg, mi_rsmg, mi_csmg  

vm vm_selem, vm_rselem, 

vm_cselem 

vm_sesq, vm_rsesq, 

vm_csesq 

vm_sssq, vm_rsssq, 

vm_csssq 

vm_smg, vm_rsmg, 

vm_csmg 
 

vmx vmx_selem, vmx_rselem, 

vmx_cselem 

vmx_sesq, vmx_rsesq, 

vmx_csesq 

 vmx_smg, vmx_rsmg, 

vmx_csmg 

vmx_smgs 

vmi vmi_selem, vmi_rselem, 

vmi_cselem 

vmi_sesq, vmi_rsesq, 

vmi_csesq 

vmi_sssq, vmi_rsssq, 

vmi_csssq 

vmi_smg, vmi_rsmg, 

vmi_csmg 
 

 

 

Complex Operations  

 

 Conjugate  

out=RE(in)-i*IM(in)  

Phase 

out=ATAN(IM(in)/RE(in))  

Convert Rectangular to Polar 

Coordinates 

Convert Polar to Rectangular 

Coordinates 

x x_conj x_phas x_rec2pol x_pol2rec 

vx vx_conj vx_phas vx_rec2pol vx_pol2rec 

vvx vvx_conj vvx_phas vvx_rec2pol vvx_pol2rec 

mx mx_conj mx_phas mx_rec2pol mx_pol2rec 

vmx vmx_conj vmx_phas vmx_rec2pol vmx_pol2rec 
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 Complex Exponential of Real 

out=exp(i*in)  

Swap Real and Imaginary Parts 

out=IM(in)+i*RE(in)  

Pack One Stream of Floats into a 

Complex Stream 

out(j)=in(2j)+i*in(2j+1)  

Unpack Complex Stream into 

One Stream of Floats 

out(2j)=RE(in(j)),  

out(2j+1)=IM(in(j))  

x exp_x x_swap x_pack x_unpack 

vx  vx_swap vx_pack vx_unpack 

vvx  vvx_swap vvx_pack vvx_unpack 

mx  mx_swap mx_pack mx_unpack 

vmx  vmx_swap vmx_pack vmx_unpack 
 

 

Integer Operations  

 

 Factorial  

out=in!  

Modulus  

out=a%b 

Byte Swap  

i i_fact i_mod byte_swap 

vi vi_fact vi_mod  

vvi vvi_fact vvi_mod  

mi mi_fact mi_mod  

vmi vmi_fact vmi_mod  
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Filters  

 

 Envelope with 

Zero 

Replacement  

Envelope with 

Constant 

Replacement 

Envelope 

Magnitude with 

Zero 

Replacement 

Envelope 

Magnitude with 

Constant 

Replacement 

Clip to Interval  Clip to Interval 

between +/- 

Constant 

s envlp envlpK   clip klip 

x x_envlp x_envlpX x_envlpmg x_envlpmgX x_clip  

i i_envlp i_envlpK   i_clip i_klip 

v v_envlp v_envlpK   v_clip v_klip 

vx vx_envlp vx_envlpX vx_envlpmg vx_envlpmgX vx_clip  

vi vi_envlp vi_envlpK   vi_clip vi_klip 

vv vv_envlp vv_envlpK   vv_clip vv_klip 

vvx vvx_envlp vvx_envlpX vvx_envlpmg vvx_envlpmgX vvx_clip  

vvi vvi_envlp vvi_envlpK   vvi_clip vvi_klip 

m       

mx       

mi       

vm       

vmx       

vmi       
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 Limit  

out[i]=val if 

in[i]>thres,  

else out[i]=-val  

Filter Positive 

Values with Zero 

Replacement  

Single Pole Low 

Pass Filter 

Low Pass Filter 

with Different 

Attack and Decay  

Zero Phase Low 

Pass Filter 

Hilbert 

Transform 

31 tap  

s lim positive lpf  lpfX  lpf0 hilbert 

x   x_lpf    

i i_lim i_positive     

v v_lim v_positive v_lpf    

vx   vx_lpf    

vi vi_lim vi_positive     

vv vv_lim vv_positive vv_lpf    

vvx   vvx_lpf    

vvi vvi_lim vvi_positive     

m       

mx       

mi       

vm       

vmx       

vmi       
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 Constant 

Threshold 

out=in if in²Low 

else out=Low 

Stream Threshold 

out=in if in²low 

else out=low 

Constant 

Threshold with 0 

Replacement 

out=in if in²Low 

else out=0 

Stream Threshold 

with 0 

Replacement 

out=in if  in²low 

else out=0 

Constant 

Threshold with +/- 

Replacement 

out=K if in²Low 

else out=-K 

Stream Threshold 

with +/- 

Replacement 

out=K if in²Low 

else out=-K 

Dual Constant 

Threshold  

out=High if 

in²Low 

else out=Low 

s thr   thres  thrsc  threshold 

x        

i i_thr  i_thres  i_thrsc  i_threshold 

v v_thrK  v_thr v_thresK v_thres v_thrscK v_thrsc v_threshold 

vx        

vi vi_thrK vi_thr vi_thresK vi_thres vi_thrscK vi_thrsc vi_threshold 

vv vv_thrK vv_thr vv_thresK vv_thres vv_thrscK vv_thrsc vv_threshold 

vvx        

vvi vvi_thrK vvi_thr vvi_thresK vvi_thres vvi_thrscK vvi_thrsc vvi_thresold 

m        

mx        

mi        

vm        

vmx        

vmi        
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 FIR Filter  Overlap-Add FFT 

Filter  

Triangle Win dow 

out[i]=(1/Overlap)

*MIN(i,N -i)*in[i]  

s fir    

x x_fir    

i    

v v_fir  v_triangle 

vx vx_fir vx_fftfilt  vx_triangle 

vi    

vv vv_fir  vv_triangle 

vvx vvx_fir vvx_fftfilt  vvx_triangle 

vvi    

m    

mx    

mi    

vm    

vmx    

vmi    
 

 

Convolution:   out[i]=SUM(a[k]*b[i -k-1])  

 

 v VK  vx VX vi VI  vv vvx vvi 

v v_conv v_convVK vx_rconv       

VK  - - vx_convV -  - vv_convVK vvx_convV  

vx - - vx_conv vx_convVX      

VX - - - -  -  vvx_convVX  

vi - - - -      

VI  - - - - - -    

vv - - - - - - vv_conv vvx_rconv  

vvx - - - - - - - vvx_conv  

vvi - - - - - - - -  
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Fourier Transform  

 

 FFT Inverse FFT 

v v_rfft  v_rifft  

vx vx_fft  vx_ifft  

vi   

vv vv_rfft vv_rifft  

vvx vvx_fft vvx_fft 

vvi   
 

 

Matrix Multipl ication and Dot Product:  out = a * b   

 

 v VK  vx VX vi VI  

v v_dotpr v_dotprVK  vx_rdotpr v_dotprVX   

VK  v_dotprVK  - vx_dotprV -  - 

vx vx_rdotpr vx_dotprV vx_dotpr vx_dotprVX    

VX v_dotprVX - vx_dotprVX  -   

vi     vi_dotpr vi_dotprVI 

VI   -  - vi_dotprVI - 

m m_vmultr m_multrVK     

MK  v_MKmult - vx_Mmult -  - 

mx mx_vmultr mx_multrV mx_vxmultr mx_multrVX   

MX   - vx_MXmult -  - 

mi     mi_vimultr mi_multrVI 

MI   -  -  - 

vv  vv_dotprVK  vv_dotprVX   

vvx  vvx_dotprV  vvx_dotprVX   

vvi      vvi_dotprVI 

vm       

vmx       

vmi       
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 m MK  mx MX  mi MI  

v m_vmult v_multMK  mx_vmult    

VK  m_multVK - mx_multV -  - 

vx  vx_multM mx_vxmult vx_multMX    

VX  - mx_multVX -  - 

vi     mi_vimult  

VI   -  - mi_multVI - 

m m_mult m_multMK      

MK  m_MKmult -  -  - 

mx   mx_mult mx_multMX    

MX   - mx_MXmult -  - 

mi     mi_mult mi_multMI 

MI   -  - mi_MImult - 

vv  vv_multMK_v     

vvx  vvx_multM_vx  vvx_multMX_vx   

vvi       

vm       

vmx       

vmi       
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 vv vvx vvi vm vmx vmi 

v       

VK  vv_dotprVK vvx_dotprV     

vx       

VX vv_dotprVX vvx_dotprVX     

vi       

VI    vvi_dotprVI    

m       

MK        

mx       

MX        

mi       

MI        

vv vv_dotpr vvx_rdotpr  vm_vmult vmx_vmult  

vvx vvx_rdotpr vvx_dotpr   vmx_vxmult  

vvi   vvi_dotpr   vmi_vimult 

vm vm_vmultr   vm_mult   

vmx vmx_vmultr vmx_vxmultr   vmx_mult  

vmi   vmi_vimultr   vmi_mult 
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Vector Cross Product: out[i][j] = a[i]*b[j]  

 

 v VK  vx VX vi VI  vv vvx vvi 

v v_crspr,  

v_crsprt 

v_crsprVK vx_rcrspr v_crsprVX      

VK  v_crsrptVK - vx_crsprV -  - vv_crsprtVK   

vx vx_rcrsprt vx_crsprtV vx_crspr, 

vx_crsprt 

vx_crsprVX      

VX v_crsprtVX - 

 

vx_crsprtVX -  -  vvx_crsprtVX  

vi     vi_crspr vi_crsprVI    

VI   -  - vi_crsprtVI -   vvi_crsprtVI 

vv  vv_crsprVK     vv_crspr, 

vv_crsprt 

vvx_rcrspr  

vvx    vvx_crsprVX   vvx_rcrsprt vvx_crspr, 

vvx_crsprt 

 

vvi      vvi_crsprVI   vvi_crspr 
 

 

Matrix Transpose  

 

 Transpose Hermitian   

m m_trans - 

mx mx_trans mx_herm 

mi mi_trans - 

vm vm_trans - 

vmx vmx_trans vmx_herm 

vmi vmi_trans - 
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Norm  

 

 2-Norm 

out=SQRT(SUM(in[i]
2
)) 

1-Norm 

out=SUM(|in[i]|)  

Infinity -Norm 

out=MAX(|in[i]|)  

Frobenius-Norm 

out=SQRT(SUM(in[i][j]
2
)) 

Normalize Vector to Unit 

Length 

v v_norm v_norm1 v_norminf - v_normalize 

vx vx_norm vx_norm1 vx_norminf - vx_normalize 

vi vi_norm vi_norm1 vi_norminf -  

vv vv_norm vv_norm1 vv_norminf - vv_normalize 

vvx vvx_norm vvx_norm1 vvx_norminf - vvx_normalize 

vvi vvi_norm vvi_norm1 vvi_norminf -  

m m_rnorm, m_cnorm m_norm1 m_norminf m_normfro - 

mx mx_rnorm, mx_cnorm mx_norm1 mx_norminf mx_normfro - 

mi mi_rnorm, mi_cnorm mi_norm1 mi_norminf mi_normfro - 

vm vm_rnorm, vm_cnorm vm_norm1 vm_norminf vm_normfro - 

vmx vmx_rnorm, vmx_cnorm vmx_norm1 vmx_norminf vmx_normfro - 

vmi vmi_rnorm, vmi_cnorm vmi_norm1 vmi_norminf vmi_normfro - 
 

Linear Algebra  

 

 Cholesky 

Factorization 

LU Factorization  Solve Linear System 

with LU 

Factorization  

QR Factorization  Least Squares 

Find x such that  

||Ax-b||2 is minimized  

Matrix Inverse  

m m_chol m_lup m_solve_lup m_qr m_leastsq m_inv 

mx       

mi       

vm vm_chol vm_lup vm_solve_lup vm_qr vm_leastsq vm_inv 

vmx       

vmi       
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 Solve Diagonal 

System   

Solve Upper 

Trinagular System  

Solve Lower 

Triangular System   

Matrix Square 

out=aa 

Apply Two Matrices 

to Vector 

Form Vandermonde 

Matrix  

m m_solve_diag m_solve_ut m_solve_lt m_sqr m_vmm m_vander 

mx mx_solve_diag mx_solve_ut mx_solve_lt mx_sqr mx_vmm mx_vander 

mi    mi_sqr mi_vmm mi_vander 

vm vm_solve_diag vm_solve_ut vm_solve_lt vm_sqr vm_vmm vm_vander 

Vmx vmx_solve_diag vmx_solve_ut vmx_solve_lt vmx_sqr vmx_vmm vmx_vander 

Vmi     vmi_sqr vmi_vmm vmi_vander 
 

 

 out=conj(a)b
T
 out=ab

T
 Matrix Dot Product 

out=a
T
b 

Trace 

out=SUM(in[i][i])  

Form Diagonal 

Matrix  

Form K -th Diagonal 

Matrix  

m - m_multtb m_dotpr, m_dotprt m_trace m_diag m_diagK 

mx mx_multcatb mx_multtb  mx_dotpr, mx_dotprt mx_trace mx_diag mx_diagK 

mi -  mi_dotpr mi_trace mi_diag mi_diagK 

vm - vm_multtb vm_dotpr, vm_dotprt vm_trace vm_diag vm_diagK 

vmx vmx_multcatb vmx_multtb vmx_dotpr, 

vmx_dotprt 

vmx_trace vmx_diag vmx_diagK 

vmi -  vmi_dotpr vmi_trace vmi_diag vmi_diagK 
 

 

 Form Diagonal 

Matrix with Constant 

Diagonal 

Form Diagonal 

Matrix from 

Constant Vector 

Form Tridiagonal 

Matrix  

Generate Waves 

Matrix  

Multiply Vector 

Sequentially by 

Constant Matrix  

m m_diagfilK m_diagfilVK m_tridVK m_waves, 

m_waves_lookup 

 

mx     vx_multVXIM 

mi      

vm      

vmx     vvx_multVVXIM  

vmi      
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Logic  

 

 Elementwise = = Constant Elementwise ̧   ̧Constant 

s eq eqK ne neK 

x x_eq, x_eqim, 

x_eqre, 

x_eqmg 

x_eqX x_ne, x_nemg x_neX 

i i_eq i_eqI i_ne i_neI 

v v_eq  v_ne  

vx     

vi     

vv     

vvx     

vvi     

m     

mx     

mi     

vm     

vmx     

vmi     
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 > > Constant ² ² Constant < < Constant ¢ ¢ Constant 

s gt, gtmg gtK ge, gemg geK lt , ltmg ltK le, lemg leK 

x x_gtim, x_gtre, 

x_gtmg 

 x_geim, x_gere, 

x_gemg 

 x_ltim, x_ltre, 

x_ltmg 

 x_leim, x_lere, 

x_lemg 

 

i i_gt, i_gtmg i_gtI i_ge, i_gemg i_geI i_lt, i_ltmg i_ltI  i_le, i_lemg i_leI 

v v_gt  v_ge  v_lt  v_le  

vx         

vi         

vv         

vvx         

vvi         

m         

mx         

mi         

vm         

vmx         

vmi         
 

 

 And Or  Nand Nor Not Exclusive Or Exclusive 

Nor 

And Family Or Family  

i and or nand nor not xor xnor isect union 

vi     v_not     

vvi          

mi          

vmi          
 

 

 out=a&b&c  out=a&(!b)  out=a&(b|c) out=a|b|c out=a|(b&c) out=a|(!b) 

i and3 andnot andor or3 orand ornot 

vi       

vvi       

mi       

vmi       
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 Hystersis Vector Equal 

out=ALL  

(a[i]==b[i])  

Vector Equal with 

Constant Vector 

out=ALL  

(in[i]==VK[i])  

Vector Not Equal 

out=ANY 

(a[i]!=b[i])  

Vector Not Equal 

with Constant Vector 

out=ANY 

(in[i]!=VK[i])  

s hystersis -  -  

x  -  -  

i  -  -  

v  v_equal v_equalVK v_nequal v_nequalVK 

vx  vx_equal vx_equalVX vx_nequal vx_nequalVX 

vi  vi_equal vi_equalVI vi_nequal vi_nequalVI 

vv  vv_equal  vv_nequal  

vvx  vvx_equal  vvx_nequal  

vvi  vvi_equal  vvi_nequal  

m  m_equal m_equalMK m_nequal m_nequalMK 

mx  mx_equal mx_equalMX mx_nequal mx_nequalMX 

mi  mi_equal mi_equalMI mi_nequal mi_nequalMI 

vm  vm_equal  vm_nequal  

vmx  vmx_equal  vmx_nequal  

vmi  vmi_equal  vmi_nequal  
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Sinks  

 

 Echo to Terminal Echo with Header  Print to ASCII File  Print to B inary File 

s echo echohdr printf write 

x x_echo x_echohdr x_printf x_write 

i i_echo i_echohdr i_printf i_write 

v v_echo v_echohdr   

vx vx_echo vx_echohdr   

vi vi_echo vi_echohdr   

vv vv_echo vv_echohdr   

vvx vvx_echo vvx_echohdr   

vvi vvi_echo vvi_echohdr vvi_printf  

m m_echo m_echohdr   

mx mx_echo mx_echohdr   

mi mi_echo mi_echohdr   

vm vm_echo, vcm_echo, vrm_echo vm_echohdr   

vmx vmx_echo, vcmx_echo, 

vrmx_echo 

vmx_echohdr   

vmi vmi_echo, vcmi_echo, vrmi_echo vmi_echohdr   
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Source  

 

 Read ASCII File Read ASCII File Once Read Binary File Read Binary File Once 

s scanf scanf1 read read1 

x x_scanf x_scanf1 x_read x_read1 

i i_scanf i_scanf1 i_read i_read1 

v   v_read  

vx   vx_read  

vi     

vv     

vvx     

vvi vvi_scanf    

m     

mx     

mi     

vm     

vmx     

vmi     

 

 

 Random 

Number 

Normal Noise Brownian Poisson Pulse Pulse Impulse Random-width 

Square Wave 

s  norm_noise brownian poisson_pulse pulse impulse rand 

x  x_norm_noise   x_pulse x_impulse  

i i_random  i_brownian  i_pulse i_impulse i_rand 

v        

vx        

vi        

vv       vv_rand 

vvx        

vvi        

m        

mx        

mi        

vm       vm_rand 

vmx        

vmi        
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 Ramp Oscillator Saw Square Stair Step Index Clock 

s ramp, ramp1, 

ramp0 
osc saw1, saw2 square, sign stair step - clock 

x x_ramp0, 

x_ramp1 
x_osc     -  

i i_ramp0, 

i_ramp1 
  i_square   -  

v v_ramp        

vx vx_ramp        

vi         

vv vv_ramp, 

vv_ramp2 
     vv_index  

vvx         

vvi         

m         

mx         

mi         

vm       vm_index  

vmx         

vmi         
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Index to Primitive Library Functions  

A 

Accumulate 

temporally, D-15 

temporally with multiply, D-16 

Addition 

binary, D-3ïD-5 

sum of family members, D-15 

three to six inputs, D-17 

Arithmetic 

multiple heterogeneous operator, D-19ïD-23 

with magnitudes, D-24 

Augment Matrix, D-39 

Autocorrelation, D-26 

Average 

elementwise, D-53 

exponential, D-53 

linear, D-53 

sliding window, D-53 

vector running, D-53 

B 

Branch, D-45 

Butterfly, D-25 

Byte Swap, D-55 

C 

Cholesky Factorization, D-64 

Clip to Interval, D-56 

Concatenate 

family, D-39 

temporally, D-39 

with constant, D-39 

with stream of arrays, D-39 

Conjugate, D-54 

Convert 

amplitude to decibels, D-25 

decibels to amplitude, D-25 

polar to rectangular, D-54 

rectangular to polar, D-54 

to family of scalars, D-34 

to family of scalars with a transpose, D-34 

to family of vectors, D-34 

Convolution, D-59 

Corner Turn, D-37 

Correlation Coefficient, D-26 

Cross Coherence, D-26 

Cross Correlation, D-26 

Cross Product, D-63 

Cut 

multiple parts, D-41 

two parts, D-41 

D 

Data Conversions 

basic, D-31ïD-33 

one-to-one, D-34 

one-to-one with a transpose, D-34 

with a transpose, D-34 

Decimate 

tokens, D-28 

vector, D-28 

Decimate and Interolate, D-28ïD-29 

Delay, D-44 

Demultiplexer 

multiple output, D-35 

two output, D-35 

Deviation from Mean, D-26 

Diagonal Matrix, D-65 

Distance, D-24 

Distribute Evenly, D-45 

Division 

binary, D-11ïD-15 

integer and round result, D-15 

integer and take ceiling of result, D-15 

integer with remainder, D-15 

three input, D-18 

with 0 check and constant replacement, D-14 

with 0 check and stream replacement, D-14 

Dot Product, D-60ïD-61 

E 

Echo 

to terminal, D-69 

with header, D-69 

Envelope, D-56 

Exponential, D-47 

F 

Factorial, D-55 

Filters, D-56ïD-59 

FIR, D-59 

overlap and add FFT, D-59 

First Nonzero Element, D-27 

Fourier Transform, D-60 

G 

Gather, D-36 

H 

Halve, D-43 

Hermitian, D-63 

Hilbert Transform, D-57 
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I  

Increment, D-16 

Index Permutation of Stream, D-37 

Interpolate 

linearly, two streams, D-28 

tokens, D-28 

vectors, linearly, D-29 

L 

Last Nonzero Element, D-27 

Least Squares, D-64 

Least Squares, Linear, D-27 

Limit, D-57 

Logarithms, D-49 

Logic, D-66ïD-68 

Low Pass Filter, D-57 

Lower Triangle, D-42 

LU Factorization, D-64 

M 

Magnitude 

absolute value, D-24 

Matrix Inverse, D-64 

Matrix Multiplication, D-60ïD-61 

Matrix Multiplication, Other, D-65 

Maximum, D-50 

Merge 

multiple parts, D-41 

two parts, D-41 

two sorted vectors, D-41 

Merge Streams, D-45 

Minimum, D-50 

Modulus, D-55 

Multiplexer 

multiple input, D-35 

two input, D-35 

Multiplication 

binary elementwise, D-6ïD-8 

product of family members, D-15 

three to six inputs, D-17 

N 

Negate, D-16 

Negative Magnitude, D-24 

Norm, D-64 

O 

Overlapping Stream to Vector, D-44 

P 

Pack, D-55 

Pad with Zeros 

at beginning, D-38 

at end, D-38 

Partition 

family, D-40 

temporally, D-40 

Phase, D-54 

Positive Values, Filter, D-57 

Powers, D-46ïD-48 

Print 

ASCII file, D-69 

binary file, D-69 

Q 

QR Factorization, D-64 

Quarter Matrix, D-43 

R 

Range, D-27 

Reciprocal, D-14 

Repeat First Tokens, D-30 

Resize, D-38 

Reverse, D-36 

S 

Sample and Hold, D-30 

Scatter, D-36 

Selecting Subparts, D-42 

Sink, D-69 

Size, D-38 

Solve 

diagonal system, D-65 

linear system with LU factorization, D-64 

lower triangular system, D-65 

upper triangular system, D-65 

Sort, D-36 

Source, D-70 

Square, D-48 

Square Root, D-48 

Standard Deviation, D-26 

Subtraction 

binary, D-8ïD-11 

three input, D-17 

Sum 

of elements, D-54 

of elements signed squared, D-54 

of elements squared, D-54 

of magnitudes, D-54 

of magnitudes squared, D-54 

Swap Real and Imaginary Parts, D-55 

T 

Threshold, D-57 

Trace, D-65 

Transpose, D-63 

Trigonometry, D-46 

U 

Unpack, D-55 

Upper Triangle, D-42 
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V 

Valve, Leaky, D-44 

Vandermonde Matrix, D-65 

Variance, D-26 

Vector Mean 

of elements, D-52 

of magnitudes, D-52 

of signed squares, D-52 

of squares, D-52 

root mean squared, D-52 

W 

Waves Matrix, D-65 

Weighted Mean, D-26 

Z 

Zero Crossings, D-27 

 


