


Three Tools

 Excel Built-in Solver
« Data Tables
« Conditional Formatting

(lllustrated using profit
maximization)



Profit Maximization
Framework

* Production Technology
Q=F(X,,X,,...,X,)

* Prices — Assumptions about
market structure

* Total Revenue (TR), Total Cost
(TC), and Profit ()



Closed-Form Solution of
the One-Input Profit-
Maximization Problem

* Assume one input (labor) in
production - Q=A_L?

* Profit maximization —
maxL m(L)=P A L*-w L

* First- and second-order
conditions yield optimal labor
iInput
L* = (W/PA) V@)



Profit Maximization
Hllustrated

Total Revenue & Total Cost
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Changes in the
Optimal Solution

Total Revenue & Total Cost
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Using the Built-In
Excel Solver - Set Up

A | B | ¢ | b | E | F | & H | J K L ot M o] =
1 |Profit Maximization Problem with One Input and One Outpu —
2
g Total Revenue & Total Cost
4 A 1 L= 1629446 | L%ref | 11.85944 L*solver 0
5 o 0.7 Q* |7.053878  Q%ref | 5.647354 OQ*solver
6 T 6983339 whoref 5082613 wsolver
7 P 3.3
g w 1
g —e— Total Revenue
10 L Q TR TC o TRref | TCref | Tw-ref {Reference)
" i} 0 0 0 0 0 0 0 —=— Total Cost
12 1 1 3.3 1 2.3 3 1 2 =i (Reference)
13 2 1624505 | 5.360866 2 3.360866 | 4.573514 2 287314 | = 4 Total Bevenne
14 3 2.157669 | 7.120309 3 4.120309 | 6.473003 3 3473008 | &
15 4 2639016 | 8.708752 4 4.708752 | 7.917047 4 a7 || & o Total Cost
16 5 3.085169 | 10.18106 5 5.181059 | 9.255803 5 4.255508
17 6 3.505144 | 11.56695 3 5.566975 | 10.51543 6 4515432 .
18| 7 3804523 1288404 7 G08d345 1171383 7 4713586 —¢— Optimal Input Le
19 8 4287094 | 14.14741 8 614741 | 12.86128 8 4.851282
20 9 4655537 | 15.36327 9 £.353271 | 13.96661 9 496661

21 10 5011972 1653918 10 B.539179 1503562 10 5035617
22| 11 537657 1768027 11 B.GBO27 1607297 11 507297
23| 12 5694123 1879061 12 B.790BO7 17.08237 12 508237 o 1m0 ;W 0 =
24, 13 602272 198735 13 B.A73497 18.06882 13 5.0B6815 Labor Input (L)

25 14 6342905 2093165 14 B.O3IES5 19.02878 14 5028777
26 15 GEE775 2196736 15 B.967358 19.97033 15 4970325
27| 16 GOBM05 22098253 16 B.982535 2089321 16 4893214

28 17 7266315 | 23.07884 17 B.0978841  21.79895 17 4. 708046 2
W« » M\Profit_Hill_Dne_Input / Profit_Hil_Two_Input # Profit_Hil_Two_Input_Soin £ Profit_ |4 | |




sing the Built-In Excel
olver - Launching

E3 Microsoft Excel - profit-maximiza

- - 8 X

File Edt Wiew Insert Format | Tools | Data  ‘window Help  Adobe PDF Type a question for help
FES8 SGRY| &V P 7ObE @ -1
@ Error Checking... 10 E 7o o M. A
e e = A ) T T o T -
. Speech »
tatataid @ia @%@
Share \Workboaok. ..
eSnagIt L2 Windaw
ﬁ @ ﬁ Track Changes »
Al - Fe Profit bt P . Drie Output
rotEction —
A [ B [ ¢ [ ~ _ [ H ] | Kk L I wm [N [ o [T
1_[Profit Maximization Problem w Online Collaboration | =
2
[ = | Goal Seek. .. L
% A L~ Scanarios... ber Total Revenue & Total Cost
T * 0 Formula Auditing 3 _e,
E * Solver... er &0
% P Toals on the L
8| W L a0
g HMacrg i —e+— Tatal Revenue
L Q TR add-Ins. . | wref (Reference)
|11 ] a 1] 2= AukoCorrect Options... L 1] 40 +-(I-Rm?| CDST)
|12 1 1 33 ) | 2 =i eference
13 2 1624505 | 5.360366 Customize... | 267 | ¢ - f“. u Total Revenue
| 14 3 2157669 | 7.1203039 Options... | | 3.473008 g
15 4 | 2E39016 6708752 Dok Analysi... | 3orer | 8 Total Cost
|16 | 5 3.085169 | 10.18108 T T T 4.255508 a0
17 5} 3505744 | 11.56693 5} 5566975 | 10.51543 |5} 4.515432 .
18 7 |3504520 1288454 7 5664345 1171383 7 4713586 J.,-Ff ¢~ Optimal Input Le
|19 g 42587084 | 1414741 g B.14741 | 1286128 g 4.661282 10
20 9 4655537 | 15.36327 9 B.363271 | 13.96661 9 4.96661
Z 10 5011872 | 16.53918 10 F.533179 | 15.03562 10 5.035617
|22 1N 5.357657 | 17 68027 1 B.650267 | 16.07297 1 5.07297 a T T T T
|23 12 5694123 | 16.79061 12 6790607 | 17.00237 12 508237 1] 10 20 el 40 a0
| 24 13 B.O22272 | 198735 13 5573497 | 18.06852 13 5.066815 Labor Input {L)
|26 14 B.342826 | 2093165 14 5.931685 | 19.02878 14 5.026777
| 26 14 6656775 | 21.96736 14 B.967350 | 19.97033 14 4.970325
27 16 5964405 | 22 95253 16 5982535 | 20.89321 16 4893214
28 17 7266315 | 23.97884 17 B.978641 | 21.79895 17 4796946 i
M4 b >I|\Pruﬁt Hill_One_Input / Profit_Hll_Two_Input 4 Profit_Hil_Two_Input Saln £ Profit |4| | _>|

Ready




Using the Built-in Excel
Solver - Implementation

[+

A | B | ¢ | b | E | F | ® H | J K L ot M o]
1 |Profit Maximization Problem with One Input and One Output
2
3 Total Revenue & Total Cost
4 A 1 L* 1629446 L*ref | 11.85944 L*solver 0
5 ' 0.7 o 7.0538758  O%ref 5647354 O*solver
B T 6983339 Toef 5052619 wsolver B0
7 P 3.3
g w 1 50 =
g —e— Total Revenue
L (Reference)
0 Solver, Parameters A0 = Total Cost
:'é ; Set Target Cell: | =] | g {Reference)
14 3 | EaualTo: & Max O Mo ( Valueof: IU Close | 5 | i a0 —a— Total Revenue
15 4 By Changing Cells: ?_' g
. —— Total Cost
16 5 [sHge =] GuEss | I | 20
:II; ? ~Subject ko the Constraints: &I é_. Optimal Input Le
19 8| [sHe==0 -l add | 2 | 10
20 9
2110 _ Chonge_| e
2 " LI Delete | = ?__ o
23 12 Help | F | 0 10 20 30 40 a0
24 13 5 | Labor Input (L)
25 14 b 3 e T A E A The T4 b HaThos | TH o/ 14 o l2ad /7
26 15 B.656775  21.96736 15 5.967358  19.97033 15 4.970325
27 16 5.964405 2298253 16 5.982535 20.89321 16 4.893214
28 7.266315 | 23.97884 17 5.978841  21.79895 4.798948

17
M 4 » M} Profit_Hill_One_Input

17
Profit_Hil_Two_Input /  Profit_Hil_Two_Input Soln 4 Profit_ |« |




Using the Built-in Excel
Solver - Convergence

[+

A | 8B | ¢ | b | E | F | & | H | 1 | kK | L | m | N | o |

1 _|Profit Maximization Problem with One Input and One Output |

2

3
4 A 1 L= 1629446 | L%ref | 11.85944 L*solver Total Revenue & Total Cost
| 5 | o 0.7 o 7053878 Q%ref 5647354 Q*solver
6 T 6983339 Toef 5052619 wsolver B0

7 P 3.3
B w ! 50

g , | —— Taotal Revenue
0L Q TR TC ™ TRref = TCref | Tref (Reference)

1Al i} 1] 1] 0 0 1] 1] 1] 40 —=—Total Cost
E 1 =i f‘. (Reference)
13 2 Solver Results = —a— Total Revenue
14 3 2 30
% ; E;I-\:fdeitriofﬁ:gt:rleassaotlgg:gg: All constraints and optimality S -..’.‘.lr o Total Cost
— 20
% ? & -....."‘r —&— Optimal Input Le
19 a ' Restore Original Yalues 10
20 ]
21 10 oK ; I Cancel Save SCENArio... I Help | B17
2 N L, o7 o —&— . .
23 12 5.E94143 | 18.79051 12 5.790807 | 17.08237 12 508237 0 10 20 a0 40 a0
24 13 F.O22272 | 198735 13 F.8734597 | 15.06R52 13 5055315 Laber Input (L}
A 14 F.342925 | 2093165 14 F.831655 | 15.02878 14 5028777
& 15 F.ESE7YE | 21.096736 15 F.857358 | 19.97033 15 4.570325
1B F.OR4405 | 2208253 16 5882535 | 20.89321 16 4803214
‘2 17 7 UBEIE | 2307854 17 B.873341 | 21.79305 17 4.7598945 -
W« » M\Profit_Hill_Dne_Input / Profit_Hil_Two_Input # Profit_Hil_Two_Input_Soin £ Profit_ |4 | | LljJ




Data Tables - Set Up

A | B | ¢ | b | E | F | ®& H | J K L ot M o] =
1 |Profit Maximization Problem with Two Inputs and One Output I
2
3 A 1 L* 3814697 | L*ref  3.814697
4 ' 0.5 K* 3051758 | K*ref 3.051758
5 3 0.4 o 3.051758  O%ref 3051758
5 ™ 0762939 w*ref 0.752939
7 P 2.5
g w 1 max-data table -

4 v W\ Profit_Hil_One_Input % Profit_Hill_Two_Input { Profit_Hil_Two_Input_Son £ Profit_ | < | | LljJ




Data Tables -
Launching

E3 Microsoft Excel - profit-maximizatio

File Edt Wiew [Insert Format Tools | Data | Wwindow Help  Adobe PDF Type aquestion forhelp » = @ X
EHeuaRy| L matl = BB e - @),
Filker '-10-31g§ % , .
. Subtotals. ..
ta tafa il T e | B W @2 | Yerey
Validation, .,
eSnagIt L2 Windaw
| Iab\e...[\ |
ﬁ ﬁ ﬁ T Text tale!o\umns..‘
B14 - e =(EF7FBE3P) _ 5))-(FE B0 5051 1)-(FBFI"FEH12)
I | B | o ‘ ol RivotTable and PivotChart Report... ‘ | | ] | " ‘ L | T | [ | 5] | —
| 1 Profit Maximization Problem with Tw Import External Data L I
2
13 | A 1 L= 3.81480 ! 5 I8
L4 o 0.5 K= 30517587 Ko ref 30577507 I
| 5| 5 0.4 Q- 3051758 | Q=vef 3.061753
|6 | ™ 0762939 | woref | 0.76293%
17 P 25
18 | w 1 max-data table :
9
10
| 11 L*solver
| 12 K*solver
13 O"solver
T solver

M« » Wy Profit_Hil_One_Input ' Profit_Hill_Two_Input,{ Profit HIl_ Two_Input_Son { Profit_ |« ] | _’”J
Ready Sum=110.5




Data Tables -

Implementation

A | B | ¢ | b | E | F | ® H | J K o] =
1 |Profit Maximization Problem with Two Inputs and One Output I
2
3 A 1 L* 3814697 | L*ref  3.814697
4 ' 0.5 K* 3051758 | K*ref 3.051758 Table
5 F 0.4 o 3.051758  Q*ref | 3.051758
B 0762939 weref | 0.762939 Bow input cell = =
7 P 2(5 Column input cell: |$B$12 5
8 w 1 max-tdata tahle -
g r 1 OK Cancel |

|

W 4 » M\ Profit_Hil_One_Input % Profit_Hill_Two_Input Profit_Hil_Two_Input_Soln £ Profit_ |« |




Data Table Completed

A s | ¢ | o | E [ F | & [ H [ v | 4 | kK | L | M [ w | 0o | 7
1 |Profit Maximization Problem with Two Inputs and One Output I
2
| 3 | A 1 L* 3814697 L*ref 3814697
4 o 0.5 K* 3.051758  Keref 3.051758
| 5 | F 0.4 o 3.051758  O%ref 3051758
B | m 0762935 weref 0.762939
7 P 2.5
8 w 1 max-tdata tahle :
=N r 1
10y
11 |L*solver 1
12 | K=solver 1
13 | Q*solver 1
14 |w*=solver 0.5
15 ] -1 -2 -3 -4 A -6 -7 -8 | -10
16 -1 0.5 0535534 0.330127 0 -040983 -0.87628 -1.38562 -1.92893 -25 -3.09431
17 -2 029877 0EBB5165 0713637 049754 0.376273 0.080303 -027228 -06BG9EY -1.10369 -1.56837
18 -3 -0.12039 0486603 0719588 07559228 067508 0.503075 0.264494 002679 -036116 -0.73158
19 -4 064725 0155722 0539189 0705506 0.733051 0.662023 0.516301 0311444 0058258 -0.23539
20 -5 -1.24087 026957 0243063 051827 06417459 0.657452 0.591487 0460866 0.277405 0.049705
21 -6 -1.88082 -07E038 -0.13332 0238353 0.446837 0.539382 0.544081 0479231 0357544 0.188273
22 -7 -255523 -1.29994 0565939 -0.11047 0174867 0.336899 0.405497 0400124 0334298 0.217862
23 -8 -3.268651 -1.87748 -1.05198 -051302 -0.15716 0.068624 0.195851 0245048 0.230475 0.162516
24 -9 -3.97944 248864 157208 -0.95888 -0.53761 -0.2527 -0.07109 0.02872 0.061685 0.035655
28 S0 -4.72028 -3.11914 212321 -1.44057  -0.95813  -0.6179 -0.38543 -0.23828 -0.16085 -0.14179
26 =

7 .
4 v W\ Profit_Hil_One_Input % Profit_Hill_Two_Input { Profit_Hil_Two_Input_Son £ Profit_ | < | | LljJ




onditional Formatting -
aunching

B3 Microsoft Excel -

File Edt Wiew Insert Data  Window Help  Adobe PDF Type aquestion forhelp » = @ X
sRan Sh|E e el -z - 2R Wl B e - @)
' Arial -1 - B 7 O = B %, =
Cal
tatataa @ " adreven. .. _
e Sheet »
Snaglk |2 Wi
Ij AutoFormat, .,
ﬁ ﬁ ﬁ e Conditional Furrn\attlngm |
C15 z A FRLeY ]
a [ B [T o T E T F [ 6 [ 0 [ T [ 7 [ K [t [ ™m ] [ o [
| 1 Profit Maximization Problem with Two Inputs and One Output I
2
13 | A 1 L= 3514697 | L*ref 3814657
L4 o 0.5 K= 3051758 | K*ref 3.051758
|5 F 0.4 Q- 3051758 | Q=vef 3.061753
|6 | ™ 0762939 | woref | 0.76293%
17 P 25
18 | w 1 max-data table [0.759228
El
K
| 11 L*solver
| 12 K*solver
13 O*solver
T solver

= -2

0.5 0535534 0330127 0 040983 -0.87628 -1.38562 -1.92893 -2.6 -3.08431
029877 06B5165 0713837 059754 0376273 0.080503 -0.27228 -0BE967 -1.10369 -1.56837
-0.12038 0486603 0.719685 0755226 067508 0503075 0.264454 002679 -0.36116 -0.73158
064725 0155722 0539189 0705506 0733051 0662023 04516301 0311444 0058258 -0.23539

0 3
1
2
3
-4
-5 124087 026957 0243063 051827 0641749 0F57452 (591487 0460866 0.277405 0049706
6
7
8
9
i

-4 S 5 7 & ] -0

-1.88062 -0.76038 -0.13332 02358363 0.446837 0539352 0.544081 0479231 0.357544 0.186273
-2455523 -1.29994 056939 011047 0174867 03360899 0.405497 0400124 0334298 0.217062
-328651 -1.87748 -1.05188 -051302 -015716 0.068R24 0195851 0245048 0230475 0162516
-3.97944  -2.4B864 157208 095888 063761 02527 -0.07109 0.02872 0.061655 0.036653
S4720268 311914 212321 144067 095813 06179 038543 -0.23528 016085 -0.14179

M« » Wy Profit_Hil_One_Input ' Profit_Hill_Two_Input,{ Profit HIl_ Two_Input_Son { Profit_ |« ] | _’”J

Ready Sum=-145,0466138




Conditional Formatting -
Setting Parameter
Values 1

Conditional Formatting

ondition 1

ICEII Yalue Is j quual ko j |=$F$8 j‘J
Preview of Farmat ko use Mo Format Set .,
when condition is krue: =

add == | Delete. .. | | Ik I Cancel |




Conditional Formatting -
Setting Parameter
Values 2

Format Cells

Font | Border | Patterns |
Fant: Fant skyle: Size:
| |Beld |
W fgency FE ﬂ Reqular ;I g ;I
W algerian i Q
T izl 10
W Arial Black, 11 ;l
nderline:
Ffects [ ] Aukomatic
[ Strikethrough
™ superscript EEEEEEERN
™ subscript ENEEEEEN
%!‘ EEEEER
o ONEEEN
For Conditional Farmakking wou can — ped
Undetling, Color, and Strikethroug OoOomm0 Clear |
EERCCEENN
EECENEEE




Conditional
Formatting Completed

E3 Microsoft Excel - profit-maximization_ver1.xls

File Edt Wiew Insert Format Tools Data  Wwindow Help  Adobe PDF Type aquestion forhelp » = @ X

o
By
&
o
o
{E‘:'
e
&
]
4
5
2
®
™
>
zf
E
&

- Arial
3 % %a i G ¥ L] @ W Reply with Changes... End Review...
geSnagIt H‘ Window L

HEE.

Al - e Profit Maximization Prablem with Two Inputs and One Output

a [ B [ ¢ T o [ e [ F [ 6 [ H [ 7 [0 [ w [ L [ wm [ n [ 0o [J
| 1 Profit Maximization Problem with Two Inputs and One Output =
2
Z A 1 L* 3.814697 | L*ref | 3.814B697
L4 o 0.5 K* 3.051758 | K*ref | 3.051758
5 B 0.4 o 3.051788 | Q=ref | 3.051758
|6 | ™ 0762939 | woref | 0.76293%
17 p 2.5
18 | w 1 max-tlata table
19 |
10
IL*-snlver
| 12 K*solver
13 O*solver

T solver

-1 -2 -3 -4 ] B -7 -3 9 -10

0.5 0.535534 | 0.330127 0 -0.40983 067628 -1.38562 | -1.92893 -2.48 -3.09431
029877 0665165 | 0713837 | 059754 0.376273 0.080303  -0.27228 -0.66967 -1.10383 @ -1.5B837
-0.12039  0.456603 | 07196858 0.759228 | 067508 0503075 0264454 | 002679 -0.36116 | -0.73158
-164725 | 0155722 0539189 0705506 | 0.733051 0662023 0516301  0.311444 0.058258 -0.23539
-1.24087 | 026957 | 0243063 | 051827 | 0.641749 0657452 0591487 0460866 0.277405 0.049706
-1.880682  -0.76038 | -0.13332 0238363 | 0.446637 0.539382 0.544081 | 0.479231 0.357544 | 0.188273
-2.55523 | -1.29994 | 056939 -0.11047 | 0174867 0.336899 0405497 | 0.400124 0.334295 0.217862
-3.25651 | -1.87748 105188 -051302 | -0.15716  0.058624 0.195851 | 0.245048 0.230475 0162516
-3.97944 | -2.48564 | 157208 -0.95886 | 083761 0.2627  -0.07109 | 0.02872 0.061635  0.035655
-4.72026 | 311914 212321 -1.44067 | 095813 06179 -0.38543 | -0.23828 016085 | -0.14179

dod Nt e D

o

M« » Wy Profit_Hil_One_Input 4 Profit_HIlTwo_Inout % Profit_Hill_Two_Input_Soln ¢ Profit_| <] | _’”J
Ready




Conditional Formatting
& Level Curves - the
Levels




Conditional Formatting

& Level Curves - Details

Conditional Formatting

—Condition 1

Cell value Is j Il:uetween

Prewview of Format ko use
when condition is krue:

| [=$145 Sl and [=grys E|

Format. ..

}

~Condition 2

Cell Yalue 1= j Ibetween

Preview of Farmat ko use
when condition is krue:

| |=t148 ] and [=gkge EY

Format... |

—Condition 3

Cell Yalue 1= j Ihetween

Prewview of Format ko use
when condition is krue:

| [=s97

e and |=$K$?

X

add == | Delete. .. |

Ik [: | Cancel




onditional Formatting
& Level Curves -
lllustrated

A | 8B | ¢ | p | E | F | & | H | 0 | 9 | k | v | MM | n |
1 |Profit Maximization Problem with Two Inputs and One Output
2
| 8 | A 1 L* 3814697 | L*ref  3.814697 Level from to
4 e 0.5 K* 3051758 Keref | 3.051758 1 | 999 | 03 |
5 F 0.4 o 3.051758  Q*ref | 3.051758 2
B m 0762938 w*ref | 0.7625939 3
7| P 2.5 4
8w 1 max-tlata table
=N r 1
10
11 |L*solver 1
12 | K=solver 1
13 | Q*solver 1
14 w=solver 0.5
15 0 -5 -5 -7 -8 -9 -10
16 -1 -0.40983 | -0.587628 | -1.38562  -1.92893 -2.5 -3.09431
17 -2 0.29877 0.080303  -0.27228 | -0.66967 | -1.10369 | -1.56837
18 -3 -0.12039 0.264494  -0.02679 | -0.36116  -0.73158
19 -4 -0.64725 | 0.155722 0.058255  -0.23539
20 -5 -1.24087 | -0.26957  0.243063 0.277405 0.049706
21 -6 -1.88082 076038 | -0.13332  0.238363 0.188273
22 -7 -2.85523 | -1.29994 | -0.56939 | 011047  0.174867 0.217862
23 -8 -3.26651 | -1.87748  -1.05198 | 051302 -0.15716 | 0.068624 0.195851  0.245045 0.230475 0.162516
24 9 -3.97944 | 248564 | -1.57208  -0.95885  -0.53761 -0.2827 | -0.07109  0.02872 0.061685 0.039658
25 -10 472028 | 311914 | -2.12321 ) -1.44087 | 095813 -06179 | -0.38543  -0.23828 | -0.16085  -0.14179
26
27

W 4 » M|{ Profit_Hil_Contours % Profit_Hill_Contours_Soln { Profit_as_Function_of Q0 £ Profit B

[+




Excel Books

Pogodzinski, J. M., Using Microsoft® Excel in
Introductory Macroeconomics, Pearson Prentice-
Hall, 2005 (accompanying Excel files can be
downloaded from:
http://www.prenhall.com/pogodzinski/)

Pogodzinski, J. M., Using Microsoft® Excel in
Introductory Microeconomics, Pearson Prentice-Hall,
2005 (accompanying Excel files can be downloaded
from: http://www.prenhall.com/pogodzinski/)




Comments or
Questions

J. M. Pogodzinski
Department of Economics (0114)
San Jose State University
1 Washington Square
San Jose, CA 95192-0114
USA
jmp@pogodzinski.net
excelbook@pogodzinski.com

paper and related materials available at
http://www.pogodzinski.net/MAA_AMS/maa_amsindex.html

(www.pogodzinski.net & click on “MAA-AMS”)



