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AN EXPLANATION--

Information contained in this publication should be used along with 

USDA Forest Service Research Paper FPL 157, "Grading Hardwood Lumber 

by Computer.'' (FPL 157 is available upon request from the Forest 

Products Laboratory, Madison, Wis.) 

Research Paper FPL 157 describes the background and development of 

this information. This current publication goes on to detail the 

variables used in the program, lists program GRADE, and uses flow

charts to illustrate the program and subroutines. 

1 
The Laboratory is maintained at Madison, Wis., in cooperation with the 
University of Wisconsin. 



VARIABLES 

Most of the variables used in the program are defined in this section, 
Since a variable may be used in more than one area of the program with more 
than one meaning, the list of variables has been divided into three major 
groups. The variables in GRADE are further subdivided into two groups 
according to use. The variables in subroutine BCC are subdivided into four 
groups. Each group of variables identifies the area of the program in which 
the variables will be found. 

Variables with a single meaning that are used in GRADE, MCA, and BCC are 
defined below: 

ACL - array in which the minimum lengths permitted for a given potential 
grade are stored 

ACW - array in which the minimum widths permitted for a given potential
grade are stored 

BL - board length

BLX - upper x coordinate of the board 

BLY - upper y coordinate of the board 

BUX - lower x coordinate of the board 

BUY - lower y coordinate of the board 

BW - board width 

COMP - number of cutting units required for a combination of n cuttings to 


grade
FG - array for storing the grade of each face of the board 
FLX - lower x coordinate of a defect 
FLY - lower y coordinate of a defect 
FUX - upper x coordinate of a defect 
FUY - upper y coordinate of a defect 
GCL - array that stores the minimum lengths for all grades 
GCW - array that stores the minimum widths for all grades
IND = 0, a solution has not been found 

= 1, a solution has been found 
MNC - maximum number of cuttings 
NBN - board number 
ND - number of defects 
NDT - temporary storage of the original number of defects 
NF - face number (1 or 2)
NFD - array for storing the defects of each face 
NPG - number of the potential grade
NTI - limits the number of times BCC is executed to 2 for each potential 

permitted 

grade
SM - surface measure 
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VARIABLES USED IN GRADE 

V a r i a b l e s  Used Only i n  t h e  
Defec t  Check 

The variables defined in a specific way for their use in the defect check 

routine are listed below: 


A50 - fifty percent of the area in the end foot 

BLHH - one half the length of the board 

EFA - area of the end foot 

EFAL - area of the defects in the left end foot 

EFAR - area of the defects in the right end foot 

EFL - upper x coordinate of the left end foot 

EFR - lower x coordinate of the right end foot 

ICK - number of knot defects 

ICP - number of pith defects 

ICS - number of split and shake defects 

ICW - number of wane defects 

ID - defect code number 

KID - array for storing knot defects 

PID - array for storing pith defects 

PL - total length of splits and shakes permitted

SID - array for storing split and shake defects 

SL - total length of splits and shakes 

WID - array for storing wane defects 

WOB - total length of the wane on the bottom edge of the board 

WOT - total length of the wane on the top edge of the board 


Variables Used Only in the 
"Quick Check" 

The variables defined in a specific way for their use in the defect check 
routine are listed below: 

BCA - cutting units in a single cutting or a combination of cuttings which 
meet the requirements for the next lower grade

BC1 - cutting units in the largest single cutting which meet the requirements 
for the next lower grade

BC2 - cutting units in the best resolved combination of two cuttings which 
meet the requirements for the next lower grade

BC3 - cutting units in the best resolved combination of three cuttings which 
meet the requirements for the next lower grade 

BC4 - cutting units in the best resolved combination of four cuttings which 
meet the requirements for the next lower grade

CCOMP - cutting units required to grade the next lower grade 
COMP3 	- a recalculation of CCOMP due to an increase in the number of cuttings 

i n  t h e  combination 
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MCA VARIABLES 

The variables defined in a specific way for their use in the subroutine 

MCA are listed below. 


AMG - upper x coordinate of the clear area 

BMG - lower x coordinate of the clear area 

CA - array for storing the area of cuttings in cutting units 

CL - array for storing the length of cuttings

CW - array for storing the width of cuttings 

FI - lower x coordinate of the defect whose upper y is the lower boundary of 


the clear area 
FJ - lower x coordinate of the defect whose lower y is the upper boundary of 

the clear area 
FX - length of a clear area 

N - width of a clear area 

IC - index of the defect whose upper y is the lower boundary of the clear area 

IDM - total number of indices stored in either the IOX or IOY array

II - index used to reference either x's or y's when the defects are being


ordered in the IOX or IOY arrays respectively 
IK - defect subscript used as an index of the W array to scan y coordinates 
IOX - array in which the lower and upper x coordinates are ordered together 

and stored; this array name is used to order the y's in the IOY array
IOY - array in which the lower and upper y coordinates are ordered together 

and stored 
IW - used to set up the subscript for storing ordered defect coordinates in 

either the IOX or IOY array 
- defect subscript used as an index of the W array to scan x coordinates 

IX - subscript in the IOY array which indicates the lower y boundary of the 
clear area 

IY - subscript in the IOY array which indicates the upper y boundary of the 
clear area 

JA - subscript of the IOY array for a defect which is a potential upper y of 
the clear area 

JC - subscript of the defect whose lower y is the upper boundary of the clear 
area 

JD - subscript of the IOY array used to scan all y coordinates for clear area 
K - index for positioning defect scanning in either the x or y coordinates 

using the FLX array name 
KF - subscript of the IOX array for the left boundary of the clear area 
KI - subscript of the FUY array of the defect to be checked for its relative 

y position to the clear area 
KK - index for positioning defect storage in either the IOX or IOY array 

using the IOX array name 
LF - subscript of the IOX array for the right boundary of the clear area 
MNEB = 0, a single cutting large enough to meet the grading requirements has 

not been found 
> 1, the above-mentioned cutting was found 

NC - the number of cuttings in the board 
PW - relative position of defects to the clear area with respect to their 

x coordinates 
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SLX - array for storing the lower x coordinate of a cutting with sufficient 
cutting units to grade

SLY - array for storing the lower y coordinate of a cutting with sufficient 
cutting units to grade 

SUX - array for storing the upper x coordinate of a cutting with sufficient 
cutting units to grade

SUY - array for storing the upper y coordinate of a cutting with sufficient 
cutting units to grade 

TLX - array for storing the lower x coordinate of cuttings
TLY - array for storing the lower y coordinate of cuttings
TUX - array for storing the upper x coordinate of cuttings
TUY - array for storing the upper y coordinate of cuttings

UI - upper x coordinate of the defect which bounds the clear area on the 


bot tom 
UJ - upper x coordinate of the defect which bounds the clear area on the top
W - array for checking the relative position of defects to the clear area 
WGT - area of the cutting in cutting units 

BCCVARIABLES 

The variables with a single meaning that are used in more than one routine 
in BCC are defined below: 

CU - array for temporary storage of the number of cutting units in a resolved 
combination of cuttings

IJ - lowest numbered cutting in a combination 

IK - second lowest numbered cutting in a Combination 

IXYZ - index which identifies the exit of a four-cutting combination from the 


two-cutting and three-cutting routine 
KOUNT - array for storing the total number of combinations of cuttings

available for resolution 
NS1 = 0, a no-solution condition has not been determined 

= 1, a no-solution condition has been determined 
OL - array in which the overlap area of all pairs of cuttings are stored 
RCO = 0, overlap recalculation loop is being used by a three-cutting classifica

tion 2 combination 
= 1, overlap for a pair of cuttings being processed by solution type 11, 

alternate crosscut routine, is being calculated 
T = 4 (used to convert width measurements to inches) 

= 48 (used to convert length measurements to feet)
X - temporary storage of the length of the overlap in feet 
XZ - length or width of the overlap depending upon whether x's or y's are 

being used in the calculation 

Combination-Forming Routine 

The variables defined in a specific way for their use in the combination-
forming routine are listed below. 

AI - array which stores the total number of cutting units for a combination 
after the overlap is subtracted 
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I - index of the first cutting in a combination being formed 
IA - array which stores all combinations of cuttings with enough cutting

units to be considered for resolution 
IB - array used to temporarily store the numbers of the cuttings being

formed into combinations 
IJ - number of cuttings permitted in the combination being formed 
IL - subscript in the cutting arrays which indicates the first cutting in 

the combination 
IM - subscript in the IB array which represents the first cutting in the 

combination 
IN - index which represents the second cutting in the combination 

IOL - subscript of the cutting arrays which indicates the cutting in the 


middle of a combination of three cuttings with triple overlap 
IX - index used to get into the proper area of the IA array
J - index of the second cutting in a combination being formed 
JI - subscript of the overlap array which indicates the first cutting in a 

combination 
JK - subscript of the IB array which indicates the second cutting in a 

combination 
JL - subscript of the overlap array which indicates the second cutting in a 

combination 
JM = 0, index used to reference the TLX array 

= 25, index used to reference the TLY array
JN - subscript of the cutting arrays which indicates the second cutting in. a 

combination 
K - index of the third cutting in a combination being formed 
L - index of the fourth cutting in a combination being formed 
LC - the number of combinations of n cuttings stored in the IA array at a 

given time 
LK - identifies each cutting in a combination of n cuttings which must be 

moved in the ordering of the IA array 
LM - section of the IA array to be referenced for a given combination 
LN - section of the AI array to be referenced for a given combination 
M - index of the fifth cutting in a combination being formed 
MI - position of a cutting within a section of the IA array 
MJ - index of the seventh cutting in a combination being formed 

N - index of the sixth cutting in a combination being formed 

NK - number of the second cutting in a pair of cuttings referenced by the 


overlap array
NL - subscript of the IB array for the second cutting referenced by the 

overlap array 
NM - number of the second cutting in the pair of cuttings which has the 

smallest overlap in a combination of three cuttings with triple overlap 
NN - number of the first cutting in the pair of cuttings which has the ,

smallest overlap in a combination of three cuttings with triple overlap 
O1L - number of pairs of cuttings which overlap in a combination of three or 

more cuttings
OLL - length or width of the overlap of two cuttings depending upon whether ,

x's or y's are being used in the calculation 
ZCA - area of the triple overlap of a combination of three cuttings
ZLX - lower x coordinate of the triple overlap area 
ZLY - lower y coordinate of the triple overlap area 
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ZUX - upper x coordinate of the triple overlap area 

ZUY - upper y coordinate of the triple overlap area 


Two-Cutting Routine 


The variables defined in a specific way for their use in the two-cutting

routine for resolving overlap are listed below. 


AA - area of one cutting lost by crosscutting

AB - area of the other cutting lost by crosscutting 

AC - area of one cutting lost by ripping

AD - area of the other cutting lost by ripping

AF - area of one cutting resolved by the alternate crosscut method in solution 


type 11 
AG - area of the other cutting resolved by the alternate crosscut method in 

solution type 11 
AH - total area lost in both cuttings by the alternate crosscut method in 

solution type 11 
CHECK - ACW, ACL, WMIN, or XLMIN value used to compute WX 
EXL - length of the cutting which would benefit by the execution of the 

alternate crosscut method in solution type 11 
II - position of crosscut 

= 1, to the left of or at the left edge of the overlap 
= 2, within the overlap with the narrow cutting on the left 
= 3, within the overlap with the narrow cutting on the right 
= 4, to the right of or at the right edge of the overlap 

IJJ - first of two cuttings being resolved by solution types 12, 13, a d 14 
IKK - second of two cuttings being resolved by solution types 12, 13, and 14 
INI - limits the number of cuttings processed by the two-cutting routine 
JJ - position of rip 

= 1, below or at the lower edge of the overlap 
= 2, within the overlap with the short cutting below 
= 3, within the overlap with the short cutting above 
= 4, .above or at the upper edge of the overlap

K - references the proper constant stored in the ACW array 
- width of the first cutting in a combination (see L) 

KK 	 - controls processing of solution types 10 and 11 
= 1, crosscut routine should be executed 
= 2, areas lost by placing the rip and crosscut should be calculated 

and then compared
L - width of the second cutting in a combination 

= 1, the smaller minimum width permitted 
= 2, the larger minimum width permitted

M - index used to reference either the cutting length or cutting width array
when the rip or crosscut routine is executed 
= 0, cutting length array is used 
= 25, cutting width array is used 

MM 	 - subscript of the SAVE array for solution types less than or equal to 11 
= 1, cutting IK is on tup 
= 2, cutting IK is on the bottom 
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MMS - temporary storage of MM 

MN - subscript of the SAVE array for solution types greater than 11 


= 1, cutting IK is the narrow cutting 
= 2, cutting IK is not the narrow cutting

N = 1, a rip resolution 
= 2, a crosscut resolution 

NCA - number of the cutting on the right for a crosscut 
- number of the cutting above for a rip 

NCAS - temporary storage of NCA 
NCB - number of the cutting on the left for a crosscut 

- number of the cutting below for a rip
NCBS - temporary storage of NCB 
NLC - number of the longer cutting 
NM - subscript of the SAVE array for solution types greater than 11 

= 1, cutting IJ is the narrow cutting 
= 2, cutting IJ is not the narrow cutting

NN - subscript of the SAVE array for solution types less than or equal to 11 
= 1, cutting IJ is on the bottom 
= 2, cutting IJ is on top

NNC - number of the narrow cutting

NNS - temporary storage for NN 

NSC - number of the short cutting 

NST - number of the solution type

NTYPE - classification of two-cutting overlap 


= 1, neither cutting separates the other two into two nonoverlapping 
pieces with respect to either the entire length or width of that 
cutting 

= 2, one or both cuttings will separate the other cutting into two 
nonoverlapping pieces with respect to either the entire length or 
width of that cutting

NWC - number of the wide cutting 
SAVE - array for storing the original cutting coordinates temporarily that 

are redefined due to the overlap resolution 
TA - cutting units in a resolved combination of two cuttings

TL - total length of the two overlapping cuttings

WMIN - minimum width 

WR - length or width of the remaining cutting once the coordinate of the cross


cut or rip is determined 
WX - array for storing the coordinate of the crosscut or rip 
XL - difference of the lower x coordinates of cuttings IJ and IK 
XLMIN - minimum length 
XU - difference of the upper x coordinates of cuttings IJ and IK 
YL - difference of the lower y coordinates of cuttings IJ and IK 
YU - difference of the upper y coordinates of cuttings IJ and IK 

Three-Cutting Routine 

The variables defined in a specific way for their use in the three-cutting 
routine for resolving overlap are listed below. 
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A1 - indicates which combination of two cuttings has no overlap 
AREA1 - area of the cutting IE which has been reduced by ripping due to the 

placement of the minimum-size cutting
AREA2 - area of the cutting IE which has been reduced by crosscutting due 

to the placement of the minimum-size cutting
AREA3 - area of the cutting IH which has been reduced by ripping due to the 

placement of the minimum-size cutting
AREA4 - area of the cutting IH which has been reduced by crosscutting due 

to the placement of the minimum-size cutting
AT - number of cutting units in three-cutting classification 1 or classifica

tion 3 resolution 
C3 = 0, a combination of three cuttings is not being processed 

= 1, a combination of three cuttings is being processed or a combination 
of three cuttings from a four-cutting classification 2 combination is 
being processed

CAN - cutting units in a combination of three cuttings which has been resolved 
by the New Routine 

CAO - cutting units in a combination of three cuttings which has been resolved 
by the Old Routine 

CB = 0, New Routine was not execute 
= 1, New Routine was executed and the result should be compared with the 

result of the Old Routine 
= 2, only the Old Routine has a resolution to be considered 

CHN = 0, the first ten cuttings are restored to the TLX arrays from the WLX 
arrays 

= 1, the three original cuttings are restored in the three-cutting
combination to the TLX arrays 

CN = 1, a three-cutting classification 2 combination will have a pair of 
original cuttings resolved by the two-cutting routine 

= 2, a three-cutting classification 2 combination will select one of three 
pairs of cuttings to be resolved by the two-cutting routine 

CN1 - number of the largest cutting found by the expansion pass of MCA 
D1 - difference of the extreme upper y's in a classification 2 combination 
D2 - difference of the extreme lower y's in a classification 2 combination 
E = 0, cutting IE is at least minimum size 

= 1, cutting IE is not at least minimum size 
FX - length of cutting IG 
FX1 - adjusted length of cutting IE or IH 
FY1 - adjusted width of cutting IE or IH 
H = 0, cutting IH is at least minimum size 

= 1, cutting IH is not at least minimum size 
I3 - index for the three-cutting routine loop 
IE - cutting which overlaps two cuttings in a three-cutting classification 1 
. combination 

- cutting whose upper y is one of the two cuttings which determine the 
widest exterior area in a three-cutting classification 2 combination 

IE1 - temporary assignment of the cutting to be IE in a classification 2 
Combination whose upper y's are being checked for the exterior area 

IE2 - temporary assignment of the cutting to be IE in a classification 2 
combination whose lower y's are being checked for the exterior area 
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IG - cutting in which the minimum-size cutting is placed

IG1 - temporary IG - see IE1 

IG2 - temporary IG - see IE2 

IH - remaining cutting in a combination of three cuttings 

IH1 - temporary IH - see IE1 

IH2 - temporary IH - see IE2 

IJ1 - temporary IJ - see IE1 

IJ2 - temporary IJ - see IE2 

IK1 - temporary IK - see IE1 

IK2 - temporary IK - see IE2 

IKK - remaining cutting in a combination of three cuttings

ILL - index determines to which part of BCC the control should be returned 

after the minimum-size check on the adjusted cutting 
= 1, cutting IE has been reduced by ripping 
= 2, cutting LE has been reduced by crosscutting 
= 3, cutting IH has been reduced by ripping 
= 4, cutting IH has been reduced by crosscutting

K1 = 0, first pair of cuttings in the combination do not overlap 
= 1, first pair of cuttings in the combination do overlap 

K2 = 0, second pair of cuttings in the combination do not overlap 
= 1, second pair of cuttings in the combination do overlap

K3 = 0, third pair of cuttings in the combination do not overlap 
= 1, third pair of cuttings in the combination do overlap 

K3C - limits the number of combinations processed by the three-cutting
routine 

KB - number of the middle cutting in the New Routine 
L1 - type of three-cutting overlap 

= 1 (classification 1--only one cutting overlaps two cuttings) 
= 2 (classification 2--each cutting overlaps two cuttings) 
= 3 (classification 3--one cutting does not overlap either of the other 

two cuttings) 
M1 - limits the number of times the overlap calculation loop is executed for 

recalculation of overlap for adjusted cuttings
MSC 	 - refers to the adjusted cutting IH 

= 0, neither rip nor crosscut adjustment is at least minimum size 
= 1, rip adjustment is at least minimum size 
= 2, crosscut adjustment is at least minimum size 
= 3, both the rip and crosscut adjustments are at least minimum size 

N1 = 0, all recalculation of overlap of adjusted cuttings is complete 
= 1, overlap must be calculated if the residual of IG is a cutting of at 

least minimum size 
N11 - first cutting in a triple overlapping combination 

N12 - second cutting in a triple overlapping combination 

N13 - third cutting in a triple overlapping combination 

N1J - subscript of the IB array which represents the first cutting

N1L - subscript of the IB array which represents the second cutting 

NCT - temporary storage of the original number of cuttings found by MCA 

NFF - number of cuttings stored as defects 


= 2, two cuttings are stored for a combination of three cuttings 
= 3, three cuttings are stored for a combination of four cuttings

NK1 = 1, cutting IE has been adjusted 
= 2, cutting IH has been adjusted 
= 3, both cuttings have been adjusted 
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NL1 - indicates how cutting IE was reduced in order to place a minimum-
size cutting within IG most advantageously 
= 1, rip at +bottom of IE 
= 2, rip at top of IE 

= 3, crosscut at left end of IE 

= 4, crosscut at right end of IE 

When IE is being adjusted by ripping, NL1 is set equal to 1 or 2. 


Then the crosscut adjustment of IE is made and either 1 or 3 is 

added to the present value of NL1. The result is a sum of 2, 3, 

4, or 5. Once a choice is made between ripping and crosscutting

NL1 can be reset and stored in NLlS as 1, 2, 3, or 4 for later 

reference using the following information: 

A sum of 2 indicates: rip--NL1 = 1, or crosscut--NL1 = 3 
A sum of 3 indicates: rip--NL1 = 2, or crosscut--NL1 = 3 
A sum of 4 indicates: rip--NL1 = 1, or crosscut--NL1 = 4 
A sum of 5 indicates: rip--NL1 = 2, or crosscut--NL1 = 4 
NL1 is then used in the same way for adjusting IH 

NLlS - temporary storage of NL1 
NN1 - number of the independent cutting in a classification 3 combination 

- number of the expanded cutting in a classification 1 or 2 combination 
NO1 = 0, cutting of IE and IH have been adjusted 

= 1, cutting IE has not been adjusted 
= 2, cutting IH has not been adjusted 
= 3, cuttings IE and IH have not been adjusted 

SPC - total number of cutting units in a classification 2 solution 

T1 - relative position of cuttings IG and IE by value which is the difference 


of the upper y of IE and the lower y of IG 
T2 - difference of the upper y of IG and the lower y of IE 
T3 - difference of the upper x of IE and the lower x of IG 
T4 - difference of the upper x of IG and the lower x of IE 
WA - array for storing the area of cuttings used in the three-cutting routine 
WL - array for storing the length of cuttings used in the three-cutting 

routine 
WLX - array for storing the lower x coordinates of cuttings used in the 

three-cutting routine 
WLY - array for storing the lower coordinates of cuttings used in the 

three- cutting routine 
WUX - array for storing the upper x coordinates of cuttings used in the 

three- cutting routine 
WUY - array for storing the upper y coordinates of cuttings used in the 

three-cutting routine 
WW - array for storing the width of cuttings used in the three-cutting routine 
XMIN - minimum length
YMIN - minimum width 
ZW = 0, solution combination has been found 

= 1, resolution combination has insufficient cutting units to meet the 
grading requirements 
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Four-Cutting Routine 

The variables defined in a specific way for their use in the four-cutting
routine to resolve overlap are listed below. 

C4 = 0, combination of four cuttings is not being processed 
= 1, combination of four cuttings is being processed 

CR = 2, classification 1 combination is being processed 
= 3, classification 2 combination is being processed 

I4C - number of classification 1 combinations stored 

I4D - number of classification 2 combinations stored 

IAA - array in which classification 1 combinations are stored 

IAB - array in which classification 2 combinations are stored 

IC4T - total number of four cutting combinations stored 

ICC - number of pairs of overlapping cuttings in a given combination 

IDA - array for storing the independent cuttings in a classification 1 


combination 
IDB - array for storing the independent cuttings in a classification 2 

combination 
IDC - first independent cutting in a classification 1 or classification 2 

combination 
IDD - second independent cutting in a classification 1 combination 
IKK - third lowest numbered cutting in a combination 
IQ - first cutting in a combination 
IQC - cuttings with which IQ overlaps; the constants 1, 2, and 4 are added 

to the counter for each cutting first through third, that is paired
with IQ and overlaps it 

IR - second cutting in a combination 

IRC - cuttings with which IR overlaps (see IQC)

IS - third cutting in a combination 

ISC - cuttings with which IS overlaps (see IQC)

IT - fourth cutting in a combination 

ITC - cuttings with which IT overlaps (see IQC) 

ITT - subscript of the IDA array

IU - temporary storage of an independent cutting in a combination 

IV - temporary storage of the second independent cutting in a combination 

JPI - number of classification 1 combinations available for resolution 

KPI - number of classification 2 combinations available for resolution 

M4 - types of four-cutting overlap 


= 1 (classification 1--the combination has two independent cuttings) 
= 2 (classification 2--the combination has one independent cutting)

N4C - number of four-cutting combinations stored for resolution 
SC - independent cuttings in classification 1 combinations 

A constant is added for each cutting that is independent 
IQ = +1, IR = +2, IS = +4, IT = +7 
SC = 3, independent cuttings are IQ and IR 

= 5, independent cuttings are IQ and IS 
= 6, independent cuttings are IR and IS 
= 8, independent cuttings are IQ and IT 
= 9, independent cuttings are IR and IT 
= 11, independent cuttings are IS and IT 
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XCA - array for storing the area of cuttings used in the four-cutting routine 
XCL - array for storing the length of cuttings used in the four-cutting 

routine 
XCW - array for storing the width of cuttings used in the four-cutting

routine 
XLX - array for storing the lower x coordinates of cuttings used in the 

four-cutting routine 
XLY - array for storing the lower y coordinates of cuttings used in the 

four-cutting routine 
XUX - array for storing the upper x coordinates of cuttings used in the four-

cutting routine 
XUY - array for storing the upper y coordinates of cuttings used in the 

four-cutting routine 

PROGRAM GRADE 
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