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Application of the Linear programming to Forestry (1)
Optimum mixture of logs in the Sawmill
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‘f’ alk |

G- a.(k)=

%\a;k«
THELEINBEDOTHDH, ZOEERIUEIEAD xp &, RV AEERE L OBRIFEEEL D
DTHbT 2 ENTRERDT, EHED o T 551,

K

(5.1) y”:,z—“la'"'kxk (n;_—-..l ...... N, k:l.K)
(5.2) %: 20

i, ¥t (5. 1) IRAEFENZ FATLLEND, B~ PV 72 A BRT A L HESk
Do D ED LBEIEE alk) OLERL LT,

@ @ avxe \‘
@y @meee asx
(5.3) AE;
f
Qs @y ayx |
E A
(5.4) X=(%5, X2:+---- Xx)
(5.5) Y=(91, Yo 9x)
r¥BHe, (0.1) &
(5.6) Y=AX

LR IN D, (5.6) MEHEEAYED I LXBENTH B,
Wi, BH—DEBEIEROARY v, B_OLEHERORAEY v X LT,

(5'7) V=(Z)1, [T vN)
Y br, ZOXEFHEOLE LT LIZBAREDOY Y » 7 RX
(5.8) V=AX

&, B—DERITOWTE s Bifig CHATRETLH D, B0 ERCOWTL s BT T
RAETEETH B, FXL LT
(5_9) Po=(31, Sz, eeec SN)
L35e, (5.8) & (5.9) b



60

(5.10) AX <P,
INBDEBDOTFT
.1D f(x)=61x1+02x2+ """ +erxg

DEFAEZ KD BB ERXIEZ B2 LIk Do ¢ E—BUD % X 5FRE%EFEHT,
4 ¢=(cCy, Cay veer cx) &L, | ’
D DFEEDC, BETALRT IO LTHE, (5.6) 25 (5.11) BRI KOm
BHINDETHL 5, Tiobb,
(5.12) | AX <P,
X =0 }7‘;6%14:0)7?0:;}@\1,
(5.13) Jx)=C'X
TR T B X OEERDDZ 22T b,
wweitsl A N 47 K #lof5lch 50, #0854 P L35,

Ty !
Cam
(5. 14) P.=
G;N ‘
THEbINDL, THE
(5.15) A=(P,, Py -Pg)

V=%Pi+5:Pat--- +xxPx

THEbLIN 5D,

SC, [TOMBEEMBE 5L LT 0.12) RORESHEERT, ChE BB Z Dl
WD LD eTfih & Do 0E D ZORTEERNFRIY R, AUOERED LI AKX WEEL,
Z DFEAY T HEEBE OO X 5 T B, ZDiwdic George, B, Dantzig 7334 L=
B, % b disposal processes #HAND [((3) pp.345—347), FDIcdITi 5 B IC 35
WTHER STV R EERD—2, B 00D O N FF AR E S o L ShTunig
WERICL, FERORKFSEIREL LI L BT TMSTEL LD LFET 5o HIR I TV 54
SRR L, FhFh--0%8, &% n {Ho diposal processes #HANSLZ 2L L, Fhb
% Pris Prigy o Prn 2FbT, 28T Pryy LREBINCONBEEDS 5, jHEHD
PO N —BpIR ST HAEEFREI ChH S, <7 A DT disposal processes [(KIRD X 5 ICE
7%

(5.16) Pr,=(1, 0, 0, ----- , 0
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PK+N_—_—_(0, O, 0’ ...... , 1)

IDXSCHERD L, AT OTHARNRS EEREIL K+N Hcik), Zoh KErE
BT EEEETH D, NEXASOIDDEEFRI TS, 2 THED EFE~<7 b1t K+
NEOKEL DT 5%, Tbb,

(5.17) X=(%xy, Xz5 -+ XKD

Thd, HEOHRELHE LR TITIIY, K_+N {HDFN% & >fTFN 3R Ui hudss S

Vo ZAURRDITINL I %0 D ED
(5.13) Py=(P;, Py, - » Pyixl
=(4,1]

fox L, 1L N AT NFIDOBRM T Ch D, F B+ 2AR2B S x sz emnT
%o Tixdb

(5.19) c=(Cyy Cgy oo > CyiR)
AL e 1, P; aEE) LT 5 4RI OB
0, P; 2MLSDTosd D EEFREBOHE

CORTEFELTE L &, BRZROBE

(5.20) fx)=C'X
lrhe L LT
(5.2 X =0

AXﬁp}amﬁ%ﬁ®%kf

Sx)=C'X

FRRCT 5 2 L ICEENED>TL %,

GE 1D D Eofiit, SSENREHRRMAGTE S WL O»OEE LIcEEERY b2 TR D, i Zofh
Lz ORERERAFIET 5 0 R B TR EREER Y, BRmaTE cHE TS - Lo ek a
REE LT\ bo

(B8 2) (5.3) @ A HEBTHLDT, 2 aR) DELSTHLD LEBEIND, LA Lisnd Da.
-vid Gale [(9] &, Murray Gterstenhaber [(11)] @ X2 CTIMEEE DEEARERE S b 2sic &
Nk, COXEZ 0 e =t Uy ZATERTHI LRI, o S FRFZTOEE L {ico
720 LinL, =1 Vv 27AT (5.3) #FERTLHZ LN—ROEFL LTERE LTUESCWBDT, ~
FPU» FARATCERTHI L L

VI V=7 «7urss 3y 7os:

V=T« T RYF IV FORECOVTUL, BAIL AR Lo TH X 723l fThh T 50
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T, &L George B. Dantzig OFpzaiciEn U THIARARS 2 21w L ((3)] Dt
THVLR TV SR FRHEIREZH—T 27004 I A UREELZE, iTEIC X 2R 2T 72,

(5.21) DEANLEBEELE VIS, RO L5 kEREERT S %20 2RkDZz LT
bb. Tihbhb

(61) : ’ x1P1+sz2+ """ '+‘"5KPI{:P0
(6.2) %C1+%2Cat--- - +CxPr=f(x)=max
AT,

(6.2) ofirHRKICT Bz e, (6.1) &R 5, HRIE v OEFTHEE (feasible
solution) LIFIEh, (6.2) % X 5L F#fE (Maximum feasible solution)  £&ff
FHh b, F Ot simplex Bk L IFEN T 5% D Thb,

BIEfEE 5 5 2 L ABERE TR, = LTEEOREDT, BSHEESSLND
LIRZE LB OB ORDFEAHI L, L bBICHEMHEDIBEC O TEEL TR S,

SR DIGE & BT Do

GEBEDEE) : 5 (Po, Py, Pa, oo Py © m BD KXY 75 505 HEEG—KBOLC
55,

6—a ZFAXRFoKDE

JERT m HD KL ARAHMER P pM3bhiceT5 L,

(6.3) %1 Py xg Podeeeees 1%, P = Po, %, >0
(6.4) %,C1F%Cot - % Com=2Zs
Elsh,

F ZTEHEBY 5 HTob0EM R RS Hicw iy, EEROBMERAHET D m AR Eh S
BEE (basis) CX>T, T-3COH P #BHHT 5 - L2530 B b, Tabhb,

(6.5) B Pt xei P A g Pru=P;  (j=1, 2, o)
LFEbL, ROXE 2; TRbT &

(6.6) 215C1+%2;Cq - ++%,Cn=2;
Lind,

T NTC, ROEEEIENS 5ENET 5,

(EBI) EHLL2EED j CHLT, Ci>z25 e b5&MRALT e biE, WEMFOD
AL, 2 VARG AEY FRCh oL, Briervbbd, k20 £ LT
by 2> 20 DIEILT Do (LEEM)

GE ) &, C;>z; LEL, (6.5 R 0 8T (6.3) X bEIE, R (6.6)

Ric 0 BHIFT, (6.4) KnbBIL L, ' ‘
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(67) ‘ (xl—ﬁxl'j)P1+(x2_ax2‘i)P2+ """ +(xnz;0xmAf)
(6.8) (xt—'axly)cl+(xg_‘0x21)cg+ """ +(xm_ax7n7)

XC,+0C;j=2,+0(C;—2z;)

Linb, (HL (6.8) RoWAwk 0C; Bz Th 3,

(6.7) KTCEJLTD £ WHLT, % FXETHDNE, Eind 0 OECHLTUL 6,>0=0
Dy BB P DA ERL LD, FREX oL SHMICH D 2 LB TH D, i
(6.8) KXo, ZOBPEMDOEARID LD 213, BEFC 6 OHITEMEE TH B 2 L LT
bbb, %Y, KiE

(6.9 2=2,+0(C;—2;) > 2, 6>0
Xy, C;>z; Fhift 2>z

ML %, FiC (6.7) &, Xk (6.8) Kk, =1, 2, - @:p@q‘*<'7‘g< BN

1 oDEEH LT %5 >0 7biE, (6.7) ROLPHEHEIEELSL LD 0 ORFKEL
(6.10) O=min(x;/%:5), %:5>0

TH-2.5 2 kD, v

ZZT (6.9) RER\\T =4, KELL, TOLED[EM 0, bl biE, (6.7) KKk
(6.8) Kot &0 HELRELIR %, ThiX 0=0, 23522 IO THEZLNLHELEE
BIEHEC m HOEC > TEBN D, Livh 222 Thb, 5 LT, O mADHDH
LWESE, LR Py &, sicivWohic m JOg0of o (m—1) fHO &5 Hisk T
L ENHNTEIND, ZDXD T m D FH L CERL, FohiE: LT AYSh, B
(6.5) E (6.6) XCiTbhic ) FEER R2 T2 E2T, T NTD&E ZOHL
R Y, FricHE I 25 LHREND C; DIHLC LD TET ZENARETH D, T2
T, BHLb Ci>2 THHBHIE, ZOMEXEML, 77t b 2y NIELDIRD, MO
LWEEOHRICE S ETH D, 22 LT, ZOFERCLD, FRH L WERL B 7
538, BEEEND LIRS LB THEX I CTHA 5 MElehud, & Tk et in
(’:f) BOEEN DD IZFET i L, W—O&EENS 5 —EH TS 80 V30T,
C ORGSR OBIEREACIEDZ B TH D, A UEEIMERINDE LT, TDOLEDZOD
EHFHE LA, Loy EEsQ#Emnd %,

DD, HEEL O FEER, B85 BTk T 45 <0, (AL i=(, 2, - n) LD
STDER & DINEILT DD § BT, boHWIL j=1,2, - n EDOTTOMHECHL
Cj <z; RBITE L B CHIET %o | |

DED, 2 WHERKRLEY Lo RESFET AR, RO EEOKEL Ci<z; 55
PFOFICIRET Do & Z TRRRDIEE L LD Tikia bia fe b,
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W & L0, WOBMAIHET %, ChXERI 0N THY, BSRETH D,
(ERBIL) j=1, 2, = n BT TD JOECH LT, Cij=<z; BEILT 57 51E (6.3)
K (6.4) RTFHEEE oo
(ZF BR) (6.1D) mPitpePototpa Po=Py, 55320
(6.12) ﬂlcl+#202+.;...+ﬂ%cn —g¥
PMEOBEM[EY oL LEd, FLT 222" 235, KERCLY, C;< 2y,
LHmoT (6.12) SRk \WwT 2, ©XoT C; 28 EN2 DL,
(6.13) JIIT- I TP A SORP + Un2n = 2%
(6.5) XchEzbh3 P; Ofioftvic (6.11) X%, (6.6) XRTHELZBND 2; DIEDD
i (6.13) XEEV5 L,

(6.14) <§Jﬂy‘xu>P1+(i’ﬂ.)%‘z,ﬁ)Pg%* """ +<§‘,/ijmj>Pm=Po
J=1 d=1 41
(6.15) (Zujxu>cl+,2ujxw>cz+ """ +(iﬂjxmj)cm = 2
J=1 J=1 J=1
g e

CANTCEAENEU W EMET S, (6.3) KRY (6.14) KOMIGT 2 HEKIGE L b
it b, B (6.15) Rixvkon< 72 %,

(6.16) 2:C+%Cs+-- - +x,C, == 2%
Dy, BT (6.4) it ko,

(6.17) 2, = 2%

Lo T, MOGHEIEAFTET B itld, BBOEIE T v, P LT, Pi=z; 1
BALT B2 EBETH D, LnL, ZOFEFOILAT Ty 7 X

[ Py Pgy oo P,

(6.18) i_Cb Co Cn]

CEWT, —WENLO T v m+]l ADFID Eex b o L HAETHEAS, ML L
THIEORIERD 5453 5 B REE —38H T 5 Ied D RSEME, (6.18) TREIND m
+1 B &2 - oifi /e 2 EE S —RESL T T UE e bigb 23 2 & Th %,

= G. B. Dantzig & X2 TH z bivic simplex MBEICHED T, FERIIFR A AL,

VI R &% o #& &

BFEFOMEBCRE T, FA e 23] L (HRE2 b 22U RBETREL T 2058
PRI 5 L%, FRCEERASFICR TER I T A ((12) pp.92—1007 ((17) pp. 154
—184), '
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X ZTY =T« 7 vy T 3y rOERNICHEEIEIN, #Fx DT ORBEOBMTEA DR
EFECEET 20 BERCHERTT 5.
G. E. Dantzig ¢ T. C. Koopmans Z0EE)5HT (Activity Analysis

Yy=7.Fn
fﬁsyfm%ﬂdﬁ%ﬁf)BQ%%t%thﬁ,D=7-7nf§£VﬁMW®5o©ﬁ
D RCEL LTV Z L MEFBIRT WD (D,
Thbik,
C1) #MHADHE
(2] HERHEOMRE
(3] PO RE
(4] mEpEoRse
(5] RFREDIE
TH 5,
CNBDEED BN T BRI =T » 7 v 25 3 v X OREEAYIEARIER L, iy
EOHEMITELTE L T D45 L DY, EDOMh AN EHIH<Thd, £+
C13 #BIOME: ZIURS A~ DEEFRIICH T, BAM & EHRD L ORI ERFIDBE %
BB, L)z rEERT S,
COFGERY =T « 7 rr T Iy rOFRE LRI THRINARRTS 5, 2 0BM IO
&y b 2—Bfo DIB (IN) % 4 oK HAET HERER, FoBRARY RT3
¥, BHEL MG L BT, EX2hvErBbhbd, 4 0EAFHE L,
WX D DIB (IN) % ugte AR BEH S5 5D FSERS % b0 SHELE D
SAEFE L, FOWFELRE TW50T, ZORBEFINRTIVTSS ),
Kb B TE R E, EHECK L Tehig & ER s HBIEY 7 B RAEE D C 2o\ EHG
SR O(RHBDASAL, VERES, MR DEOBIMCBET 5 40, 2% 0B wouw iz,
ﬁﬂ@&%%%éﬁé#,%#@%%@éf%%@&%oL#Lkﬂg,ﬁkmgﬁig@
RRCHLIRR BB LT, MAER LBEEA L2 NERELYE TS L, +
DHFEZIETE ) =T « 7wy 3 72B0X) 2 LTwas (8 ,2,4 E2R), L
DIOT, I NTHREY —EHE L CHEX 2N THA ) L, FOREDRINL, BHSE,
MELY) =T - 7wyl 2BA UL & X0 ET 28N, BE, M, HiF Lo
WEBETHLE, FRINDHDTH D2, THEHEDIT 5,
C2) HBREDOHRE: oMM TPDOHE, £ TRGBRLEERRT, TEH I EEEE
BEABRSTH CHABES N, EENaAEERIAENERHCLSTELEOLDLDE
DTN HELTh, flix DREE ORI XD, ThbABEEOHRTIFIRIN TV 2
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ELTIWTES o # LTS THRTHIRS W EERORH I P EHEEERT 2 20 )
=7 7Ry I IVIORREOMELHERELDLILIERDTHS I :

(3) BOLMofUE: CheBBIHOBECOWTHLLRLE, b5 DIB AN) & -
PR IR 5 B Lo, (DR E S OAKRE BT BYE, £ AIEEE
DRERA S S s, B LS L eI LTRB, £ LTHROMELLT, 20
L5 EMEUAOICEFEZ LN BHDT, OMREXKREARD L Ebh b,

(4] fmEdEoRsE: ZoLl ko AEEDN G2 bk & 10, BASH LB, £
O EBEEEI S A RSN BE TH o Th, MBS EHEETHLOoTHHELVE
Wi, COER BRESR), BEHTHORAHO T InThSd, |

(5) FEEDOHRE: V=T 7wy T v 7ORHE LTOSEA - EEH S 5 ZEROA
¥ens, EEEEOFHN T ABH—ETEHS L\ ) ONZOREDERTH %, rTiY
O FFERE 2\ 5 b O TEIETH S L, SEROMBE LTon X s nidk Ui
D7D T [5) OEEEUPKAES N D ETH %,

DLEDRERDRSE ORI, <D 5 ORSER b0l R AR A BRI T B 2 L 0%
Per, F0 X5 IefiEd Ricfipk S simplex L% T b FISEO R CHGHIY e B O
P BBRDIR T EAVKAS NI, £ 2 TYICHS oMM THCHE S, BHllshlT — 7
~ R THI RS D

VI Gzt or

ol

V=T T RST IV IO RN B Yy 7 42 LT, #3%D “Recovery Per
Cent for all logs” %% D% Wi\ Fz, CORCOWTHMT 5L, Bz DIB (IN) 22 10 8
oAk r MBF (-hps—Bfre 3 %, H- International Log Scale # i\ 7c) 7204%A
35 %, —#fh (B and Better) 7341 & — FIR, “ffh (No.1 Common) 23 276 K — FI,
=g 5 (No.2 Common) #: 569 #— W, [O%F (No.3 Common) 5 90 &~ FI, ik
5 (No.4 Common) 73 24 #— FW, T FhENEREND & 2HRT D,

Wi, FREho drEiEE %4 550 Conversion Values, All Logs oo C x5 &, Fgk
oEF A0 DIB (IN) 23 10 WA 6T T, SN TR Tha EEBRHCREREILITE
DGR C LT B EHIL D LT, FRROBALEF 2T HEHA 5, 20 DIB (IN)
3T 0, 8N 9 MICBT AAKRDAEREERI L HIN~ T ) 7 A DRI S 2 L,

Fic oD ) redeEiy, i 585~ P ) 7 Ao wTHIT2 5 DO TIRARWZ LIXHAT
b MTHR bIE, O X5 IHiEs O LEEBIO <7 PACERPE SR, B OBl
~ 1Y 7 AAKRPEEWRCT 5 X5 RBEENLEN B Th D, LrLanh, BHITHCET
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BRD, X5 IS A EREN Y ERCHINT 2 2 Lie 10T, B D Ofo LG P
ifaﬂh@&v:a@@@r%#ﬁ&éo%df:@;ﬁ&%ﬁ%%%k%@f%lbf%é
5o :

Fzw (5.3) RN T 2, COBEMITHEOBEM~ P 7 A%EL LRD X3 b,

r 0.041 0.063 0.086 0.113 0.168 0.221 0.255 0.248 0.215 0.161 . b
| 0.276 0.412 0.497 0.532 0.506 0.449 0.390 0.362 0. 350 0.349
| 0.569 0.438 0.347 0.293 0.266 0.270 0.293 0.325 0.362 0.401
| 0.009 0.066 0.050 0.042 0.041 0.037 0.031 0.034 0.048 0.079
1_ 0.024 0.021 0.020 0.020 0.019 0.023 0.031 0.031 0.025 0.010

WIS R BBABIOAIEL LT, (5.4) ioias T BREEL b,
(8-2) X (xh X3y et ) 7510)
$hx OEARZEC S TR EE ka5@ﬁ®%ﬁ%m#%%htﬁ,%h%mkr?O

(8.3)
— % & ol = 3 Ny NES X
| B & Better \No lCommon‘No 2 Common|No. SCommon‘No Common
} 0. 325

BEE | 4.227 13591 6.860  1.578 1
| \ |

Bifiz: MBF & 26,581

~ﬁ,&Aéhé§*@%®éﬁﬁ7n«wFﬁﬁ,K»¢%H%ﬁ®ﬁﬁ#%iﬁ%hk%
DCTHDI, | |
FregEfis, o ORXEEOWEMDOHREROMERICSML, &R, EHOvE— P hF DT
HEHRO SHERCET 5 B 5T %, L Liasb, £E 16 Wo FAD DIB (IN)
Ly FOFEARDY L ThHIAD DBH  OBIRICOWTUL +2450 BWhth B&ieni b o T
Wity ARXOERE LT ORHTHRE L Taper Table (55%) 2b 550 Th b,
THIEX %L, ThZno DBH 226851 5EX 16 ROMNROEE L, £ DHK EHOAKD
DIB (IN) $F5ASHTWBEDTH DY, FhsbTFORKDE«D DIB (IN) oW TILE
T S\ T THRMIEED L e, ELCEREEBC LT, DIB X5 X 25D
BT NTRD L 5 I a T L, '

"DﬂéiiN§i 1013 | 1416 17 s ‘ 19
(8.4) I N

(Per Ce;:ﬁ)ww %5 ‘ 74377 7 ] 4 3 ‘ 2

e 4 2ic g, DIB (IN) 107—137 @ Conversion Values (345D % & gt LT &
BrT e\ £ TIOREMT BT %4 D1k DIB (IN) 147—16" W@t 55D XL b, 3¢
BOIIRAT B XD EEOBANCHED L5 Rin b, (8.4) ki % DIB (IN) 147
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TABLE V¥ PINE TAPER TABLE
Based on 269 stem analyses, Crossett, Ark., Diameter rounded off to nearest inch.

DB D : DIB - Utilized
Log Height| 1st Log 2nd Log | 3rd Log 4th Log Top DIB
12 1 10 | ? 9.7
2 10 8
14 1 11 ‘ 1
2 11 10 | | 9.9
3 12 10 9
16 1 13
2 13 11 10.3
3 13 | 12 10 (
4 ; 14 ! 12 11 | 9
18 1 1 : : 11.0
2 | 14 ! 12 10
3 | 15 | 13 11 | 9
4 5 15 1 14
20 2 . 1. 14 13 | 12.0
3 16 : 15 14 | 11
4 17 | 16
22 2 18 15 14 | 13.0
‘ 3 18 | 16 15 13
5 4 19 17
24 ‘ 2 19 17 15 14.1
} 3 20 18 17 14
‘ 4 20 19
26 2 21 7 18 17 ‘ 15.5
3 22 20 18 ‘ 15
4 22 20
28 2 22 : 19 ‘ L 16.9
3 23 21 18 16
4 24 ‘ 22 19
30 3 25 22 19 18.2
4

26 23 21 17

—16"” DD e, ThiH DIB (IN) OKXicBLD L DEREBLALI S BEE Lo\, £
AINBEROMFBEEZROML Pedtc, FDRBTRDEEH (8.3) DFRIH £ It

DIB (IN) | 1013 1416 17 | 18 RTINS

©D alfgoadbin| 19000 19000 ] 130 030 | 060 |34.50
2 i [

”(‘Jl:)ircer%t)! 38 ‘ A ‘ 4 ‘ 2 1 2 [ 100

ZLT B.5) ¥ (8.3) b, (5.9) N 2 ERCHT 2HIREMH L LT, WoREEo
7o
(8.6)  P,=(4.227, 13.591, 6.868, 1.018, 0.640, 13.000, 19.000, 0.600)
W HEES : LT, (5.11) R M43 5% (8.7) ik &« DBI (IN) o Conversion
Value ofi& A+ 240 LT,
(8.7)  f(x%)=3.46x;+14.96x2+23. 63x5-+29. 66x,--34. 65%5-+37. 09%s
+37. 84%:+37.22x5+35. 04%,+31. 9274,
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PEoT,

2 LT, FEO (B.1) 25 (8.7) RIELEA LT (5.10) RAHYT 2 b DEESD L,

- 0.041 0.063 0.086 0.113 0.168 0.221 0.255 0.248 0.215 0.161 - (x¥2%sx
0.276 0.412 0.497 0.532 0.506 0.449 0.390 0.362 0.350 0.349 ;g;xzf’”s
(8.8) 0.569 0.438 0.347 0.293 0.266 0.270 0.293 0.325 0.362 0.401
0.090 0.066 0.050 0.042 0.041 0.037 0.031 0.034 0.048 0.079
L 0.024 0.021 0.020 0.020 0.019 0.023 0.031 0.031 0.025 0.010

c4.927 -
| 13.591
6.868
1.018
0.640
13.000
19.000
1.500
0.800
0.600

N

BT (% Xa¥3%aX5X6%:%sX0%10) =0
7t %%ﬁ:@TU:,

3.46 (X1X5%3% 4% 5% 6% 7%8%9% 10 )
14.96
23.63
29. 66
34.65
37.09
37.84
37.22
35.04
- 31.92 J

I RCT HREC %,

WET I, ERFEOHREZ b, THThOHEHERORDOFERANT, FRETHEA
3 370ix, DIB (IN) 08 ZFEAROMBOMIE 2 5N TWAEA, £D X5 nEIRSM:
DFEBENT, £0 L5 FEAROEY DIB jlici~iE, #EHTHORREN R KT D0, &\
5 BERE R HREEA - L CEIR-D T BRI B,

TOER (6) THM S Y REC XoTHEL, simplex Table 1 X % ks v 7o,
ZORBIFEO6RCARIN T Do TORPEREIL, WxERFELITOLRCE L LD
DIB (IN) oFEAROHEE LT 5 &, WO s b,
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DIB(N) 10 | 1L | 12 | 18 14|15 16 17|18 19 &z
oAk 3 A 1.014‘2.370_3.196 3.450 4.902‘3.912\3.44011.624{0.824{1.572{26.344

I~ - o o - T - - - T TG T -
75 L.7,7 0.246/0.818/0.377 8260 8.686 5.488 3.048 1500 0.800 0.600 29.825

|
}(%ﬁ:hﬂm)

%ﬁKEVT,véT-7nf§syfml5fﬁﬁﬁﬁﬁﬁz<&ofm5@mm&5&w
8) IR\, HIREMFELT 2 LD D TH 505, (8.5) OAFLIMNICIL LE>Tvw5,
FLOMED (8.8) THZ LANHIREFED FIC s W T, & OB THEO SO EAE ADFH:
ThHDL\VR D, ZOFFWEBRINIFAFREE 969.55 T, hzr MBF My o84 5
&, 33.19 b Th b, Fax DIFOTAEAIIADF A MBF 49 OFR%, 30.41 Jhic Hog+
5%, 2. 758, DED 9N~y POFEBOMMNE D Z LI D, b 2 OB, FEoO
HIBRGF L B DO T B W TEIR S R AFRETH D005, & OMBIREH, Bacil
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Résumé

Introduction

During the last two weeks of May, 1952, the writer conducted the sawmill
production study in Sawmill # 1 of the Crossett Lumber Company, Crossett, Arkansas,
in the United States of America, as a student of the Yale School of Forestry with
John L. Hall, Herman C. Sommer and Bohdan J. Kizyma under the guidance
of Arthur R. Muschler, instructor of the Yale Camp.

This sawmill production study was carried out by sampling to make the economic
analysis of the sawmill and we wrote a paper on the subject. The purpose of this
paper is only to suggest the possibility of application of the linear programming to
the above problem by comparing the method we employed at Crossctt with the new
one the writer introduced here as the first step to the application of the linear
programming to forestry.

Traditional method

It is a well-known fact that the traditional method employed in the studies on
the sawmill production from the economic standpoint has been marginal analyses
7 (19).

The most extensively used method along this line which is a straightforward
application of Lagrange’s method (6) (16) has not been adapted in the studies on
sawmill production, perhaps, due to difficulty of making the production function
concerned.

However, in an aggregated model a non-linear production function was produced
in the economic analysis of the forest products firms in this country (20). As far
as the linear production function is concerned, W. W. Leontief was the first in
the application of it to the lumber and timber products industry in the United
States, though it was also about the aggregated model.

Under these circumstances in the sawmill production study, a kind of profit
map was devised in the United States. It is this profit map that we made use of
at Crossett to clarify the activity of sawmill production up there. Before discussing
the application of this linear programming, it is necessary to refer to this profit
map breifly. . .

We denote a certain DIB (IN) by 7, and the fixed and the variable cost per
MBF of logs with the length of 16 feet, having the DIB (IN) at the top of it
which comes in the range of DIB (IN) ¢, F,; and C;, respectively. The volume
here is measured by the International Log Rule. Then we can form the decreasing
total coast formula :

Ci=kT+F;  (i=1, -~y m)
where
k=average milling cost per MBF per unit time
T;=sawing time per MBF

In the case of sawmill operation, sawing time T’/ was measured about a log
with the length of 16 feet, having the DIB (IN) 7 and a volume V’. In this case
the sawing time T'; per MBF of the logs may be described by :

— ’ 17}
T,=T'x Vv

7



where
V;=MBF of log with the DIB (IN) £

If the operation time changes from T; to T, asthe DIB (IN) of log shifts
from 7 to 41, then the total cost will be transformed from C; to C;,;. From this
when the the value of %, average milling cost, is known beforehand, the values
of C; and F; can be worked out. In our mill study we obtained the values of each
fixed cost and the variable cost per MBF of logs with the DIB (IN) ¢ by apply-
ing the least squears method to the data gathered by the sampling.

The averaga sawing time needed to saw logs with each size and each average
manufacturing cost are shown in the Table T and Table J{. In this sawing process
five classes of sawn timber such as B & Better, No. 1 Common, No. 2 Common,
No. 3 Common and No. 4 Common, were produced from a log in a very short
lapse of time.

The proportion between each size of log-input-, and sawn timber-output-in
terms of per cent, was named as “Recovery Per Cent” which is corresponding to
the so-called production co-efficient. These relasions are indicated in the Table If.

On the other hand, the monetary expression of the recovery per cent is called
«Recovery Value” which points out the value of sawn timber according to each
class, though it should be noted that the recovery value has no parallel relation
whatsever with the recovery per cent in terms of production co-efficient. These
values are also shown in Table [[. In other words, these values are the prices of
the final products which comprise five classes of sawn timber from a log.

Under these relations the profit to be realized from MBF of logs with each DIB
(IN) can be worked out, by deducting all expenses such as manufacturing cost,
logging cost and the stumpage price from the total prices of the final products
from these logs which are represented by recovery values above mentioned. We
named this value as “Conversion Value’” per MBF of logs with DIB (IN) <. These
values are indicated in Table [V and Figure T. :

The fact obtained from the last paragraph is the variation of marginal profit
in the sawing process according as DIB (IN). It is needless to say that the margin-
al profit of MBF of logs with each DIB (IN) due to the shift of DIB (IN) will
be obtained from the table of conversion value.

Our report reads that when the conversion value of different log diameters
were found, it was seen that there is a loss on logs smller than 97 DIB, and the
greatest return was in the 16”7 DIB class: thus it is evident that as the diameter inc-
reases, and that the higher the log grade, the more profit returned per thousand.

In regard to this method, the writer cannot but feel that this is very much
original kind of analysis, considering the complicated process of sawing from the
standpoint of accounting. However, it can not be denied that from this partial
solution of optimal mixture of logs that cover all DIB (IN) will be obtained but
to determine uniquely the relations between the total maximum feasible profit or
minimum feasible costs and the total output of the sawmill through the possible
combinnation of various size of logs in volume will be hard to get except for the
long-years experience. The reason why I took up the linear programming for this
case is because it seems to me that the linear programming could throw light upon
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the overall solution of this problem-optimal mixture of all sizes of logs. The rea-
soning of it will have to be mentioned as the next procedure. -

The relationship between the linear programming and the traditional marginal
analysis we employed at Crossett will be explained in this way if the simplest
statement has to be made. The profit map we used is made up of the concept of
two dimension in the Euclidean space, while the linear programming N-dimen-
sion, 10-dimension here, in the affin space (18), though we can increase the number
of dimension according to the need for the solution. In other words, the linear
programming will make use of the theory of convex polyhederal cone (5) (9) (11)
which is more advanced than a mere arithmetics.

Linear Programming

It it well-known that it is G. B. Danzig that developed the idea of the linear
pregramming in 1947 (2) (13). T. J. Koopmans introduced the basic mathematical
model which consists of activity and commodity (13). The former can be repre-
sented by the technology matirix (2) (3), and the latter by input going through
this matrix and output coming out of it. This model can work under the require-
ments for which the linear programming will be made available. If the variables
of the mathematical model of the linear gqrogramming are :

A =technology matrix which is corresponding to the table
of recovery per cent (Table J[) here.

X =matrix of input which is a row vector and will be a
basic solution: ten kinds of logs here.

Y =matrix of output which is corrcsponding to five classes
of sawn timber here.

P =colume vectors representing requirements for output that
covers five classes of sawn timber.

C’=transposed matrix of profit per unit of input. The
unit of input here is MBF, mill tally.

S (x)=The tota] profit realized from this sawing operation.

Since Y=AX=P, our problem will be to obtain the maximum values of X

of f(#)=C’X, under the conditions of :
AX <P
X =0
- The model of the linear programming here is as follows :
Model of the Linear Programming
-041 .063 .086 .113 .168 .221 .255 .248 .215 .161
.276 .412 .497 .532 .506 .449 .390 .3562 .330 .349
-569 .438 .347 .293 .266 .270 .293 .325 .362 .401
.090 .066 .030 .042 .041 .037 .031 .034 .048 .079
L 024 .021 .020 .020 .019 .023 .031 .031 .025 .010
‘ X (X1%2%3X4X 506X 708 X0 X 1p)
o 4.227 '
| 13.591 [
6.868
1.018 I :
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.640
13.000
19.000
1.500
| .800 \
L .600
, (X1 XXX 45X 6% 70s%0%10) = 0
~ Under the above conditions, the maximnm value of %y, %z, - %,. will be
obtained as to the following objective functional :
3.46 7 (X1%2%3%aX5X6X7X8%0)
14.96 |
23.63
29.66
34.65
37.09
37.84
37.22
35.04
. 31.92

Solation : For the solution of this problem, that is, the overall and unique

Sx)=

solution of the problem to get the optimal mixture of all sizes of logs, I used the
so-called simplex method which was devised by Danzig in his original paper (3),
making use of the linear equation that corresponds to the linear production func-
tion. The name of the linear programming has originated from these circumstances,
though some other school uses other name for this programming.

Before the computation of it, as the linear programming is based upon the
five hypotheses, I conducted examination of whether each one of them can be
applicable to the actual problems of sawmill production. If it is permitted to. say
a word here, as the requirements for the output, I employed the very data which
we obtained from the sampling at Crossett, though a very much slght modifica-
tion was made to the volume of No.3 and No. 4 commons within the extent
giving no unfavourable influence to the outcome of the sampling. Along with
this, to make this model just indentifiable, I took up an arbitaray volume for
the input of the summation of each size of possible 1ogs with a plausible proba-
bility of production, ‘considering the existing age classes of the growing stock up
there. ‘

The development of the computation in accordance with the simplex method
is indicated in the Table VI.

The comparision of the volume obtained from the sampling and that from this
computation by the linear programming is listed below :

DIB (IN) Samplng Programming
10 1.014 0,246
11 2.370 0.818
12 3.196 0.377

13 3. 450 8.260
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14 4. 902 8. 686
15 3.912 5, 488
16 3,440 3.048
17 1. 624 1.500
18 0.824 0. 800
19 1.572 0.60¢

26. 344 29.823
(Unit : MBF)

Compared with the mixture of logs which was obtained by the sampling, the
linear programming uses less of less profitable logs, and less of more profitable
logs, influenced by the requirements that big logs are less as the probability of
input due to the age classes of the existing growing stock. I discarded such logs
as with DIB (IN) less than 9 inches because they made no profit and they are not
Jjoin products of forest production there where the single selection system has been
adopted in an extensive way as the company’s policy in silviculture; hence there
is no danger of misuse of the technology matrix in any way. Therefore, 1 will
not loose the generality of the model in this case, and it will be plausible for the
Crossett Lumber Company to produce less small diameter logs with small profit or
no log without any profit, if the policy of the company aims to realize the maxi-
mum profit in any production process.

As far as the profit is concerned, the average profit per MBF was $ 30.41 in
our study at Crossett, while this linear programming brought about $ 33.19 per
MBF, with the increase of $2.75, 9 per cent of of the former average profit, per
thousaod. But the writer wants to call attention that this figures was obtained
under the requirements above mentioned. Further increase of profit will be possible
under the favorable possible requirements and price of sawn timber.

Conclasion

The linear programming has its merit in obtaining the maxmum feasible values
uniquely in such an activity as above mentioned. However, there are some obstacles
on the way to reach the fine goal. The greatest obtacle is the medel building to
which the linear pregramming can be applicable. Way of sampling and computa-
tion have secondary meaning, though we can not understimate the importance of
them. The demand for it depends upon the actual need for the linear program-
ming.

The programming here will be applicabl to such a big sawmill at Crossett as
having the opportunity which is able to realize the maximum profit. Hence, it can
be not be applicable to a small-sized sawmill without such favorable situations whoes
sole purposc is the stabilization of their profit. However, to such case, the writer
presumes that the mini-max theory will be replaced with the linear programming.



TABLE 1

3,46

34,65

37.22

‘ l 14,96  23.63  29.66 37.09  37.84 3504 3192
‘ } P, % Py P Py P4 Py Py Py Pys Py Pygy Py P; Py Py Ps Py P; Py . Py Py,
Pa | a2 | 1 0.041  0.063 008 0113  0.168  0.221  0.255  0.248  0.215  0.161
Pw | 13591 | 1 0.276 0412 0,497 0532  0.506  0.449 0.3 0,362  0.350 0,349
P 6.868 | 1 0569  0.438 0347  0.203  0.266 0,270  0.293  0.325  0.362 0,401
Pu 1.018 1 0090 0,066 0,05 0042 0041 0037  0.031  0.034  0.048  0.079
P 0.640 1 0024 0,021 0020 002 0019 002 003 003 0025 0010
a Pis 13.000 | 1 1 1 1 1
P ‘ 19.000 | 1 1 1 1
Py, | 0.800 | 1 1
Pay 0.600 | 1
zi—c4 l | 3,46 —14.96 —23.63 —29.66 —34.65 —37.09 —37.84 | —37.22| =-35.04 --31.92
Py 4,227 1 —0.248 0.041  0.063 0086 0113  0.168  0.221  0.255 0.215 0,161
P 13 501 1 —0.362 0.276  0.412  0.497 0,532  0.506  0.449 0390 0.350, 0,349
Py e 1 —0.325 0569  0.438 0347  0.203  0.266  0.270  0.293 0.362 0,401
Py 6.508 X —0.034 0,090  0.066 0,05 0,042  0.041  0.037 0 031 0.048  0.079
P . —0,031 0024 0021 002 002 0019 0023 0031 0,025  0.010
L 0. 640 1 3 i i 1
b P 13.000 1 1 1 1
N Pi: 19. 000 1
37. 22 SR 1,' 500 S . — S ,,,1,' ,,,,,,,, - [ —
Py 0.800 | 1 1 1 1
Puzo 0.600 1 N 1
z9—cj | 955.83 _3.46 —14.96 —23.63 —29.66 -34.65 —37.09 —37.84 —~35.04 | —31.92
Pu 4.227 1 —~0.248 —0.215 0.041  0.063 0,08 0113  0.168  0.221  0.255 0.161
P 13,591 1 0,362 —0.350 0.276  0.412  0.497 0,532 0,506  0.449  0.390 0,349
P, 6.868 1 —~0.325 —0.362 0.560  0.438  0.347 0,283  0.266  0.270  0.293 0. 401
Py 1.018 1 —0.034 0048 009  0.466 0050  0.042 0,041 0037  0.031 0.079
P15 0. 640 1 0,031 --0.025 0024 0021 002 002 0019 002 0031 0.010
c P 13,000 1 1 1 1 1
P 19, 000 1 1 1 1
37.22 | Pg 1,500 1
- 35.04| P, 0. 800 1
Py 1 0. 600 1 1 | 1
zj—cs | 83.86 | _3.46 —14.96 —23.63 29.66  —34.65 -37.09 —37.84 l —~31.92
« Py ) 4,227 \ 1 —0.248 —0,215 -0.161\ 0.041\ 0.063  0.086  0.113 0,168  0.221  0.225
P 13.591 1 _0.362 —0.350 —0.349  0.276  0.412  0.497  0.532  0.506  0.449  0.390
P, 6.868 1 035 0362 0401  0.569  0.438 0,347  0.293  0.266  0.270  0.293
[ 1,018 1 0034 0048 -0079 0,09 0,066  0.05  0.042  0.04L  0.037  0.031
P 0. 640 1 0031 —0025 0010 0024 002 0020 002 0019 0,02 0,031
d P 13,000 1 1 1 1 1
f 19,000 1 1 1 1
37.22 | Pg 1. 500 1
35.04 | P, 0. 800 1
| 31.92| P, 0, 600 1
zj—cg | 103,01 _.3.46| —14.96 —23.63 —20.66 —34.65 —37.09 —37.84
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’ ‘ 1 Py P Pig Py Py Pie Py; Pis Piq Py, Py P P, Py Ps P-
3.46{ P;' 1200 | 1 0. 175 _0.5711 —0.6362 —0.0134 1 0.7698  0.6908  0.5149  0.4675 04745  0.5149
< Py ] a7 1 —0.0072 0.1180  0.1928 —0.1525 0.0314 00610 00918 01488  0.2015  0.2339
P 10. 260 —0.0485 —0.2044 —0,1754 —0,3454 0.1955  0.3307  0.3899  0.3770,  0.3180  0.2479
Py 0,032 | 00158 1 0.0170  0.0092 —0.0778 —0.0033 —0.0049 —0 0043 —0.0010 —0.0057 —0.0153
Py 0.350 ~0.0012 —0.0170 —0.0097 —0.0097 0.0025  0.005¢ 00014 0.0078 00116  0.0816
Pa 0,030 | —0.1757 1 05711  0.6362  0.0134 0.2302  0.3902 0 4851 —0.4675 —0.4745 —0,5149
i 19,000 | 1 ) 1 1 1
37.22 P 1.500 | |
35.04 Py 0. 800 ‘ 1 . | l
3,02 P 0. 600 | |
wici | 144077 | 0.61 35,24 2072 31.83 ~12.30  —2L52  —27.88 -33.04 —35.45 | —36.06
346 P, | 377 '—0.25 01920 0.8590 —1.0902  0.3457 1 0.695  0.4667  0.2985  0.1171 0. 0359
Pry 4370 |—0.1578 00871 —0.3006 —0.4797 —0.1047 0.1500 02444  0.2449 01423 —0/1212
o 0.137 | 0.0028 ~0.0160 1 0.0203 00147 —0.0735 —0,0024 —0,0032 —0 0017 00032 Z0. 0087
Pa 0.135 | 0.0058 Z0.0017 —0,0238 —0.0208 —0.0011 0.0007  0.0019  0.0025  0.0008 0. 0051
« Py | 8.38 | 0.235 —0.1920 1 0.8590  1.0902 —0,3457 0.2797  0.4865  0.7015  0,2327 —0.1458
37.09 P, | 18.521 | 0.4963 —0.0357 1 0.5856  0.9568 —0.7568 0.1658  0.3027  0.456]  0.7385 1 1.1608
P 0,479 0. 4963 0. 0357 —0.585 09563 0.7568 _0/1558 —0.3027 —0.4561  0.2615 —0,1608
37,22 P 1500
35.04 | P, 0. 800 1 X |
‘2 P 0. 600 |
o | 1759 ~0.65 56.00  63.64 5.05 ~6.78  —10.79 —IL71| —6.86 5.09
346 P, | 1150 —0.337 0,263 —0.0426 ~1.2245 —-1.5541  0.4928 1 0.5769  0.2592 0 0181' 0.0261
Py 1443 —0.2400 1 0. 0299 0. 0349 ~0.6905 0.8603  0.0160 0.0524  0.0746 RCRGH ~.0.0703
« Py 0.167 -0.022  —0.0165 0.0002 0.0182  0.0173 —0.0707 —0.0017 —0.0020 | o.003 —0.0091
29.66| P, | 11950 | 0.3357 o213 1 0.1426 1.2245  1.5541 —0.4928 0.3987  0.6935 1| 0.3317 0.2078
P 0.165 |—0.0036 00011 0. 0021 00260 —0.0247 00046 —0.0003  0.0002 0. 0003 0. 0056
37.00 | P 13,071 | 0.3432 0. 1191 0. 0650 0.0271  0.2480 —0.5320 0.0260 —0.0136 0 5872 1 1. 2556
P 5.920 |—0,3432 —0.1191 0.0650 1  —0.0271 —0,2480  0.5320 0. 0260 0.4218 0,255
37.22 | Py 1. 500 |
35.04 | P, 0. 800 1 1 ) |
92| P 0. 600
P oty 21,52 —3.86 167 70.33 8184  —0.73 211 —2.67 2,98 | 2.66
3.46’ P, | 0.970 |—0.3252 0.3423 —4.7632 —0.0436 —1.3112 —1.6365  0.8296 1 05850 0.2687 25382
e Y ———————— - — — — R
« Pg 0.270 |~0.2046 1 0.2952 —16.0789 ~0.0381 —0.9831 —1.1385  1.1528 0.0797  0.1068 0.0632
’, Py 0.166 |—0.0038 0.0002  0.0789 ~0.0003 —0.0255 —0,0233 —0.0010 —0.0003  0.0002 0. 0056
29.66 ' Pj 10,397 | 0.5277 1.1666 87,2894 0. 1252 ~0.3642  0.0440  5.6786 0.5471  0.8681 1 0. 5167
31,65 | Py 4,395 | —0.5789 —43421 263.1578 0. 0526 47895  4.5526 —18.6053 004474 —0.5263 1 —2.1842
37,09 Py 10,446 | 0.6832 2. 5688154, 5263 —0.0959 _2.7853 —2.4253 10,3930 0.2367, 0,295 1 . 5382
Po 3.076 | 0.0010 1.7024—111. 0000 0.0428 1  —2.0201 —2.1683 83797 0.2107  0.2309 0. 6460
37.22| P 1,500 1
35.04 | P, 0. 800 1
3.92 Py 0. 600 1
zj—ci | 954.37 19.79 —16.80 78421 1.51 56.06  95.41 —56.17 —3.44 | —4.24 _3.85
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23.63 |
29,66 |
34.65
37.09

37.22
35,04
31.92

zj—Cj

|
|
I
|

Py . Py Pys Py Py Pys Py Py; Prs Py Pg Py
0,281 g 0.1895 —2,5159 --0,4004 35. 6900 —0, 0340 1.1622 1.2279 -—4,0716 1
0.166 '—0.0034 -0.0019 --0,0004 0.1010 —0.0357 —0.0236 —0.0211 —0,0046
2,566 '—1.9157 9. 3633 2.7640 —150, 5515 —0.0003 —9.2051 —-10.6601 18,2405
8.169 . 2,1907 --8,1283 1.2328 43, 4044 0. 1562 7.6388 9.2980 —10. 1560
3.045 !~1. 5871 4,9279 —2,8874 183.9225 1 0.0338 —0,0551 —1,0578 —9,0453
9,688 | 1.2491 --2.7659 1,7523 —-110. 0534 -0, 0854 —0. 0661 6, 7237 5. 0048
2.484 | 0.4433 -2,1620 1.0642 --76, 2526 0, 0510 1 0. 1067 0. 2939 4, 1680
1,500 | 1
0. 800 ‘ 1
0.600 | 1

11.67 39.70 —5.08 335. 57 1.36 16.84 50,21 21.17
0. 563 ’[ 0.1318 --2.5482 —0.4070 37.4052 1.6982 —0.0391 0.7614 0.8696 —4,1497 1 }
0.547 | 0.7582 —1,9860 1.1012 12,7500 —9,2618 —0.0787 1 2, 2925 2.2482 4, 5941 l
0.780 —1,5498 9, 5678 2.8070 161, 4191 —10,7600 —0,0034 —6,6648 —8,3997 18,7355
8.178 2.1926 —8.1273 1.2328 43, 4595 0. 0545 0. 1564 7.6517 9.3095 —-10. 1535
8.697 —2,7442 4, 2509 3.0235 218.3070 34.0491 0.1359 —8.0907 --8.2422 --10.6116
5.573 [ 2.7112 —2,1493 1.9241 —153.4595 --42,9709 0.0434 10.0750  15.7906 6. 9815 ‘
3.018 —0,6182 —0,3455 —0,0727 18,3636 18,1818 —0,0545 —4.2909 —3.8364 —0.8364
1. 500
0. 800
0. 600

10. 84 39,24 —5,18 360.18 243.64 0.63 11.09 45,07 20,05
0.246 1
0.818
0.377
8. 260
8.686
5. 488
3,048
1, 500
0. 800
0. 600

7.21 38,72 0,09 299,10 199, 34 1.01 11,36 22.06 55, 82 42,02
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