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Preparations before the workshop starts:

Lecture room preparations:

It is important that the lecture room has PC projector and
necessary cables, screen etc.

It is also important that the lecture room has WiFi connection to
the internet.

It is also important that the lecture room has a large whiteboard
(at least 3 meters wide and one meter high) and pens with
different colors. A large ruler (one meter length) makes the
graphs and drawings better.



Preparations before the workshop starts:

Individual preparations:

Preparations to be made before the excercises:

During the excercices, we will use QB64.

It is important that the participants have access to laptops where QB64 has already been installed.
This software can be downloaded for free from this link: http://www.gb64.net/

It is also good if the participants have already installed Lingo.

Here is the link: http://www.lindo.com/index.php/products/lingo-and-optimization-modeling .
During the excecises, it is sufficient to have a simple version, which is free, of Lingo installed. Of course,
for more advanced problems, a more advanced version is better. Advanced versions of Lingo can
however be very expensive.

In the end of this document, you find the "Workshop references”.

These references contain central theories and methods that will be discussed and used in the sessions. In
the schedule, you find the references that are connected to the different sessions. All references may be
downloaded from the internet. Please download the references as soon as possible and store them in
your computer since internet disturbances may occur some days.


http://www.qb64.net/
http://www.lindo.com/index.php/products/lingo-and-optimization-modeling

Workshop references of particular relevance to this presentation:

1,3,5,6,12,17,18,22,25,27,29



Background and theory of the

Optimal adaptive CCF under risk problem -
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Case

The following model (in QB64) solves the Optimal adaptive CCF under
risk problem.

We will investigate this model in every detail and learn to understand
how to use QB64.

Later, we will marginally modify the model and investigate how the
optimal results change.



REM

REM STDP_ex2

REM Peter Lohmander 171022
CLS

OPEN "PLEX2.txt" FOR OUTPUT AS #2

PRINT ""

PRINT " CCF harvest optimization via stochastic dynamic programming"
PRINT " Peter Lohmander Example 1 2017-11-12"

PRINT ""

PRINT #2, ""

PRINT #2, " CCF harvest optimization via stochastic dynamic programming"
PRINT #2, " Peter Lohmander Example 1 2017-11-12"

PRINT #2, ""
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DIM £(100, 10, 15), u(100, 10, 15), DPProb(10), xlevel(15), deltaxlevel(15)
DIM harvset(15, 15)

REM Delta Price Probability distribution
DPProb(0) = .00
DPProb(1) = .03
DPProb(2) = .07
DPProb(3) =.10
DPProb(4) = .18
DPProb(5) = .24
DPProb(6) = .18
DPProb(7) = .10
DPProb(8) = .07
DPProb(9) = .03
DPProb(10) = .00



tmax=5

deltat =10
r=0.03

p0 =10
pl=0.3
p2 =10
c=50
Landv =50



REM Transition matrix determination

REM

http://www.lohmander.com/Moscow 2010/Lohmander Zazykina Moscow 2010.ppt
REM dx/dt = alfa*x-beta*xx = (1/20)x-(1/8000)xx

a=0.05

alfa=1/20

beta =1/ 8000

REM K = h = alfa / beta
K = alfa / beta
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x0 =30
xlevel(0) = x0
deltaxlevel(0) = 0
FOR level =1 TO 15
xlevel(level) =1 /(1 / K+ (1 / xlevel(level - 1) -1 / K) * EXP(-a * deltat))

deltaxlevel(level) = xlevel(level) - xlevel(level - 1)

NEXT level



REM GOTO 1
PRINT" level xlevel deltaxlevel"
FOR level =0TO 15
PRINT USING "#it##tHi###"; level; xlevel(level); deltaxlevel(level)
NEXT level
INPUT zzz
1 REM
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REM Harvest set determination
FOR stocklevel =0 TO 15
FOR harvievel =0TO 15
harvset(stocklevel, harvlevel) = 0
NEXT harvlevel
NEXT stocklevel

18



FOR stocklevel =1 TO 15
FOR harvlevel = 0 TO stocklevel
harvset(stocklevel, harvlevel) = xlevel(stocklevel) - xlevel(stocklevel - harvlevel)
NEXT harvlevel
NEXT stocklevel
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GOTO 2
FOR stocklevel =1 TO 15
PRINT "stocklevel = "; stocklevel; "stock = ";
xlevel(stocklevel)
PRINT "Harvest alternatives = ";
FOR harvlevel = 0 TO stocklevel
PRINT USING "#i#t##"; harvset(stocklevel, harvlevel);
NEXT harvlevel
PRINT ""
PRINT ""
NEXT stocklevel

INPUT zzz
2 REM
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FORt=0TO 100
FOR pricelevel=0TO 9
FOR stocklevel =0 TO 15
f(t, pricelevel, stocklevel) = 0
u(t, pricelevel, stocklevel) =0
NEXT stocklevel
NEXT pricelevel
NEXT t



REM boundary conditions at tmax
t = tmax * deltat

FOR pricelevel=0TO 9
netp = p0 + pl * t + p2 * (pricelevel - 5)
FOR stocklevel =0 TO 15
vol = xlevel(stocklevel)

f(tmax, pricelevel, stocklevel) = EXP(-r * t) * (netp * vol + Landv)
u(tmax, pricelevel, stocklevel) = vol

IF f(tmax, pricelevel, stocklevel) < 0 THEN u(tmax, pricelevel, stocklevel) =0
IF f(tmax, pricelevel, stocklevel) < 0 THEN f(tmax, pricelevel, stocklevel) = 0

NEXT stocklevel
NEXT pricelevel
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REM PRINT ""
REM PRINT " f(tmax,pricelevel (=column), stocklevel (=row))"
REM PRINT ""

REM FOR stocklevel =1 TO 15

REM FOR pricelevel=1TO 9

REM PRINT USING "######"; f(tmax, pricelevel, stocklevel);
REM NEXT pricelevel

REM PRINT""

REM NEXT stocklevel

REM INPUT zzz
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FOR tindex =tmax -1 TO 0 STEP -1
t = tindex * deltat
disc = EXP(-r * t)

FOR stocklevel =1 TO 15 On th e
FOR pricelevel=1TO 9

netp = p0 + pl * t + p2 * (pricelevel - 5) f II ®

uopt=0

FOR harvlevel = 0 TO stocklevel
stocklevel2 = stocklevel + 1 - harvlevel p ages y 4
IF stocklevel2 > 15 THEN GOTO 1001
harv = harvset(stocklevel, harvlevel) t
fnow = EXP(-r * t) * (netp * harv - ¢) We fln
ffut=0
FORj=1TO9

ffut = ffut + DPProb(j) * f(tindex + 1, j, stocklevel + 1 - harvlevel) th

e ese rows
fev = fnow + ffut -
IF fev > fopt THEN uopt = harv I
IF fev > fopt THEN fopt = fev 'n arger
1001 REM

NEXT harvlevel e

f(tindex, pricelevel, stocklevel) = fopt Slze.

u(tindex, pricelevel, stocklevel) = uopt

NEXT pricelevel
NEXT stocklevel

fopt = -999999

NEXT tindex
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FOR tindex =tmax -1 TO O STEP -1
t = tindex * deltat
disc = EXP(-r * t)

25



FOR stocklevel =1 TO 15
FOR pricelevel =1TO 9
netp = p0 + pl * t + p2 * (pricelevel - 5)

fopt =-999999
uopt=0
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stocklevel2 = stocklevel + 1 - harvlevel
IF stocklevel2 > 15 THEN GOTO 1001
harv = harvset(stocklevel, harvlevel)
fnow = EXP(-r * t) * (netp * harv - )
ffut=0
FORj=1TO9

ffut = ffut + DPProb(j) * f(tindex + 1, j, stocklevel + 1 - harvlevel)
NEXT j
fev = fnow + ffut
IF fev > fopt THEN uopt = harv
IF fev > fopt THEN fopt = fev
1001 REM



f(tindex, pricelevel, stocklevel) = fopt
u(tindex, pricelevel, stocklevel) = uopt

NEXT pricelevel
NEXT stocklevel

NEXT tindex
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REM Result tables

PRINT "Optimal decision tables"
PRINT ""

PRINT ""

FOR tindex = 0 TO tmax
t = tindex * deltat
PRINT " u(.) when time="; t
PRINT ""
PRINT"Stock pl p2 p3 p4 p5 p6 p7 p8 p9 "
PRINT " "

FOR stocklevel =1 TO 15
PRINT USING "#####"; xlevel(stocklevel);
PRINT" _";
FOR pricelevel =1 TO 9

PRINT USING "######"; u(tindex, pricelevel, stocklevel);

NEXT pricelevel
PRINT ""

NEXT stocklevel

PRINT ""

PRINT ""

INPUT z

NEXT tindex

PRINT "*
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PRINT "Optimal result tables"
PRINT ""
PRINT ""
FOR tindex = 0 TO tmax
t = tindex * deltat
PRINT " f(.) when time ="; t
PRINT ""
PRINT"Stock pl p2 p3 p4 p5 p6 p7 p8 p9 "
PRINT " "

FOR stocklevel =1 TO 15
PRINT USING "#####"; xlevel(stocklevel);
PRINT" _";
FOR pricelevel =1 TO 9

PRINT USING "######"; f(tindex, pricelevel, stocklevel);
NEXT pricelevel
PRINT ""
NEXT stocklevel
PRINT ""
PRINT ""
INPUT z
NEXT tindex



PRINT #2, "Optimal decision tables"
PRINT #2, ""
PRINT #2, ""

FOR tindex = 0 TO tmax
t = tindex * deltat
PRINT #2, " u(.) when time ="; t
PRINT #2, ""
PRINT #2,"Stock pl p2 p3 p4 p5 p6 p7 p8 p9 "
PRINT #2, " "

FOR stocklevel =1 TO 15
PRINT #2, USING "#####"; xlevel(stocklevel);
PRINT #2," _";
FOR pricelevel=1TO 9

PRINT #2, USING "######"; u(tindex, pricelevel, stocklevel);

NEXT pricelevel
PRINT #2, ""

NEXT stocklevel

PRINT #2, ""

PRINT #2, ""

REM INPUT z

NEXT tindex



PRINT #2, "Optimal result tables"
PRINT #2, ""
PRINT #2, ""
FOR tindex = 0 TO tmax
t = tindex * deltat
PRINT #2, " f(.) when time ="; t
PRINT #2, ""
PRINT #2,"Stock pl p2 p3 p4 p5 p6 p7 p8 p9 "
PRINT #2, " "

FOR stocklevel =1 TO 15
PRINT #2, USING "#####"; xlevel(stocklevel);
PRINT #2," _";
FOR pricelevel=1TO 9

PRINT #2, USING "######"; f(tindex, pricelevel, stocklevel);
NEXT pricelevel
PRINT #2, ""
NEXT stocklevel
PRINT #2, ""
PRINT #2, ""
REM INPUT z
NEXT tindex



CLOSE #2

END



CCF harvest optimization via stochastic dynamic programming
Peter Lohmander Example 2 2017-11-12

Optimal decision tables

u(.) when time = 0
Stock pl p2 p3 p4 PS5 p6 p7 P8 P9
47 _ 0 0 0 0 0 0 0 17 17
72 _ 0 0 0 0 0 0 25 42 42
107 _ 0 0 0 0 0 0 59 77 77
150 _ 0 0 0 0 0 43 103 120 120
199 _ 0 0 0 0 0 92 152 169 169
248 _ 0 0 0 0 0 141 201 218 218
291 _ 0 0 0 0 0 185 244 261 261
326 _ 0 0 0 0 0 220 279 296 296
352 _ 0 0 0 0 26 245 305 322 322
369 _ 0 0 0 0 43 263 322 339 339
381 _ 0 0 0 0 55 274 334 351 351
388 _ 0 0 0 0 62 282 341 358 358
393 _ 0 0 0 0 66 286 346 363 363
396 _ 0 0 0 0 69 289 348 366 366
397 2 2 2 2 71 291 350 367 367



when time =

N OO OO OO OO O OOOooOo

N OO OO OOOOOOO0OOooOo

N OO OO OO ODOOOOOoO oo

N OO OO OOOOOOOoOOooo

141
185
220
245
263
274
282
286
289
291

103
152
201
244
279
305
322
334
341
346
348
350
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u(.) when time

N OO ODOOOOOOOO O oo

N OO ODODOOOOOOO O oo

N OO OO OOOOOOOOoOo oo

N OO OO OOOO OO OO oo

141
185
220
245
263
274
282
286
289
291

103
152
201
244
279
305
322
334
341
346
348
350
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when time

N OOOODODOOOOOO O oo

N OOOODODOOOOOO O oo

N OO ODODOOOOOOO oo o

N OOOODODOOOOOO o oo

127
176
219
254
280
297
309
316
320
323
325
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when time =

N O OODODODOOOOOOoOOoOOoOo

N O OODODOOOOOOOoOOoOOoOo

NOOOODODODOOOOO O OoOo

O O OO OO0 Ooo oo

e
o U1 N

141
185
220
245
263
274
282
286
289
291
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u(.) when time = 50
Stock pl p2 p3 p4 pPS p6 p7 P8 P9
47 _ 0 0 47 47 477 47 477 477 477
72 _ 0 0 72 72 72 72 72 72 72
107 _ 0 0 107 107 107 107 107 107 107
150 _ 0 0 150 150 150 150 150 150 150
199 _ 0 0 199 199 199 199 199 199 199
248 _ 0 0 248 248 248 248 248 248 248
291 _ 0 0 291 291 291 291 291 291 291
326 _ 0 0 326 326 326 326 326 326 326
352 _ 0 0 352 352 352 352 352 352 352
369 _ 0 0 369 369 369 369 369 369 369
381 _ 0 0 381 381 381 381 381 381 381
388 _ 0 0 388 388 388 388 388 388 388
393 _ 0 0 393 393 393 393 393 393 393
396 _ 0 0 396 396 396 396 396 396 396
397 0 0 397 397 397 397 397 397 397
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Optimal result tables

f(.) when time = 0

40



f(.) when time = 10
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f(.) when time = 20
Stock pl P2 p3 p4 pP5 po p7 P8 1935
477 988 988 988 988 988 088 988 1077 1171
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f(.) when time = 30
Stock pl P2 p3 pé PS5 Po6 p7 P8 P9
47 655 655 655 655 655 655 688 758 827
72 969 969 969 969 969 969 1085 1257 1429

43



f(.) when time = 40

Stock pl p2 p3 pé pPS po6 p7 P8 P9
477 411 411 411 411 411 432 484 535 587
72 _ 609 609 609 609 609 674 801 928 1055
107 858 858 858 858 858 1005 1236 1466 1697
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f(.) when time = 50
Stock pl p2 p3 p4 PS po6 p7 P8 P9
47 _ 0 0 64 169 274 380 485 590 695
72 _ 0 0 92 253 414 575 736 898 1059
107 _ 0 0 130 368 606 844 1082 1320 1557
150 _ 0 0 178 513 847 1182 1516 1850 2185
199 _ 0 0 233 676 1120 1563 2007 2450 2894
248 _ 0 0 288 841 1394 1947 2500 3053 3605
291 _ 0 0 336 987 1637 2287 2938 3588 4238
326 _ 0 0 375 1103 1831 2559 3287 4015 4744
352 _ 0 0 404 1189 1974 2759 3544 4328 5113
369 _ 0 0 423 1247 2071 2895 3719 4543 5367
381 _ 0 0 436 1286 2135 2985 3835 4684 5534
388 _ 0 0 444 1310 2176 3042 3908 4774 5640
393 _ 0 0 449 1326 2202 3078 3954 4831 5707
396 _ 0 0 452 1335 2218 3100 3983 4865 5748
397 0 0 454 1341 2227 3114 4000 4887 5773
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