Min Spﬂﬂﬂiﬂg tree 1n a spreadsheet? Prim’s algorithm (1957): find the closest node that doesn’t make a cycle.

.. . Start
The limits of spreadsheet modeling l
John F. Raffensperger, john.taffensperger@canterbury.ac.nz,
Dept. of Mgmt, Priv. Bag 4800, Univ. of Canterbury, Christchurch, NZ.

1. What is the minimum spanning tree?

l Empty tree T except node 1.
Shortest tree that connects all nodes. o . Fork=lton-1,
Very long! Much shorter: .

add the smallest arc 4, j ot /, 7,
where /€ T'and j ¢ T.

Well-known, widely used, widely taught, easy to solve.

2. MST in a spreadsheet: alternative methods.
3. Held-Karp subgradient optimization. —
4. Constructive complexity.

Easy to program in a language, -
Telecom, road net'workS, TSP. ' % B but surprisingly hard in Excel!

MST in Excel: options. Small example. Lots of machinery!

123 ~ A =IF(AND{NOT{I14)115) INDEX(3654 58510 MATCH(5514 R§4 R510.0).1)."")
1. Use VB, e.g., Jensen (2008). A [ BJC|DJEJFIGIH[ITJJ[K[L[M[NJO[P|]Q[R][S][T]U]
| 1 |Min spanning tree, Djikstra’s algorithm Formula
| 2 | Full cost matrix
2. Use Solver or What’sBest. g Costs, fromMol _al b cl d| e _f g a b _c d e _f g
) | 4 |[Upper right 2 74 95 01 99 00/ 62[ 74 95 01 99[r90
* standard arc formulation. Break subtours — eeew! Needs VB. |5 | 5 18 28 36 62 00/ 05 18 28 38 04
1 1 : G 4.9 3 7 7AoEl anl aal nal & i
*  Martin’s (1991) LP formulation, but O(#?) variables. EE 54 g g L4R10 (=C4-110+TRuMISPOSEG4 10))
| B | 8 01] 28] 93] 65 A0 98] 88
. . . ER 99 36/ 67 14 98 00| 62
3. Put Prim’s in Excel with formulas. 10 90/ 04 45 42 88| 62| 00
1 " MNode labels /4 Cost of next arc
Apparently never done before. Why not? 12 in tree? : o 62 74 95 0.4 93 90| 01|
113} | ol g7 74 55l oal aal aal 23l
Let how: 14| | 12 [=MIN(IF(L12:R12<20 L12:R12))}
et’s see how: | 16| ! M42=IIN(F(TRANSPOSE(SCA7 S T). MS4 MS10))}
i ! T T -9 M -] T Bl | o
a spreadsheet rOW 7] ! 0 00/ 00 08-00 14| 00 14|
for each algorithm step. g e
| 20] A
|21 |Fram. to 1 al \_|| J/ elef=INDEX(5C535i53.1 MATCH(S12 L12:R12.0))
122 | 2 B 1 NTALD N
% j : Bl g *v | Add nodea, then e,
. S . - - cC
Robert Prim  William Gates Fi 5 b ] ] d then b, g, C, d, and f.
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Generic method of
one row per iteration.
Applies to many

algorithms in Excel.

1. Costs. Save input time with upper 2 matrix.
. Costs, full matrix. Easy array formula.
3. Algorithm.
n—1 steps, so 7 —1 rows.

Each column is an entering node.
Read [4] in the previous row.
Complex to break ties.

4. Cost labels on the nodes.
Read [3] in the same row.
Complex — need a transpose.
5. Output.

50 cities.

Same structure
as before.

Unwieldy!

Could be

made smaller

with more work.

Held-Karp (1970) subgradient optimization.
Add an extra arc to the MST to make a 1-tree.
For each node 4, if degree[7] # 2, add a penalty A,
Re-draw the 1-tree. Adjust the A; penalties again.

Maybe we’ll find a tour!

Change the MST spreadsheet to do this.

Richard Karp

Method 1: copy the whole MST spreadsheet for each iteration.
May need 100s of iterations. Ugh!

Method 2: use circular references.
More concise — just need one 1-tree block.

More concise, from hard work.

x-y coordinates save input time. Node penalties at right.
I simplified blocks for “Cost of next arc” and “Solution”. [Demo]

117 - Fe =T0OR(I16 NOT{ISNAMATCH{EM16.156:1512,00)))
A [ B c | p[]E|l Fl | H[ 1 ] J]KIJ[LI[MI]N

1 [Min spanning 14ree To initialize, set this value to 1. press F9. To run, set to 0, press F 1

2 |Formulas are gray Current Qld
13| a b c d e f g stepsize stepsize
| 4| x-coord 17 2 0 25 10 27 L] [ 73] 173
15 | x-coord | y-coord 3 a0 63 26 49 0 30 lambda| lambda Degree
| 6 |Lengths. a 17 3 0.0] 493 624 244\ ¢465) 104 499 0 0 2
| 7| b 2 0] 493 0.0 132 332 8.1 559) 604 0.0 0.0 2
| 8 | c 0 63 624 132 0.0/ 447|172 685 G676 0.0 0.0 1
ER d 25 26| 244 332 447 0.0[ | 275 261 342 0.0 0.0 3
110 e 10 49] 465 81 172 275 0.0 518 526 0.0 0.0 2
| 11] f 27 0] 104] 559 685 261|519 0.0 439 0.0 0.0 2
112 q L] 300 499] 604 676 342)]526 439 0.0 0.0 0.0 2
113 Cost of next arc
| 14 |Prim’s algorithm 1 1 0 0 0 0 0 0 07 104
115 2 1 0 0 0 0 1 0 0 244
| 16 | 3 1 0 0 1 0 1 0 @275
117 ] 4 1 0 0 1 1 0 0 8.1
18] 5 1 1 0 1 1 1 0 0 132
119 6 1 1 1 1 1 1 0 0 342
120 | [ 1 1 1 1 1 1 1 0] 439
121 i 1 1 1 1 1 1 1 1| 161.6|= tree length
| 22 | Solution. From b c d e f q q

23 To e b a d a d f




Definition: constructive complexity

is the number of keystrokes to write a spreadsheet,
as a function of the input data (Raffensperger & Richard 2008).

¢ The MST algorithm is solvable in O(» + # log #) time.
* How much effort to write the program? Should be O(1).

* How many keystrokes to make the spreadsheet? Not clear it’s O(1).
Even if O(1), explaining its operation is ugly.

G9 - A =MAX[G4. E11)+F5

A | B | ¢ | b | E | F | & | H
. . | 1 |Minimizing makespan for a single batching machine Formula
A dynamic program in Excel. 2 : ]
. | 3 [Indexk i
Requires O(7%) keystrokes. [ 4 [Release date rf 0 0
Raffensperger & Richard (2005). %Process time, pik) : 0 L ?;
| 7| 4 50
| 8 | 3 49
1 9] 2 48
| 10 |Job 1 30 4
1 |Completion time, fik) 0 30 41
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Analysis of the MST spreadsheet

Input takes O(#?) time, or O(r) with Euclidean coordinates. Sunk in any case.

An easy transpose formula.

Current & new step size. Circular ref M4 to N4.

Euclidean distance formula.

Lambdas, as a function of step size. Circular refs M7:M12 to N7:N12.
Prim’s algorithm, 1 row per iteration.

Cost of next arc, ugly array with transpose.

Nk w»h =

Primal retrieval, ugly INDEX & MATCH formula.

Nothing depends on 7.
O(1) constructive complexity.

Scaling up requires

13
14 {Prims alguritbm i
5

row & col insertion. i : -
. . ikd) ' ] [
Rewrite & debug again! 2 : i
g it s e
2 Solution e
L]
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Scaling up a spreadsheet means rewriting it!

For # fixed, using Excel is like using a procedural program.
Just change inputs (e.g. distance).
_ n«—n+1
If # changes, we must rewrite the spreadsheet.
Even if the # keystrokes is small,
rewriting is work & may add errors.

The market has spoken.
MST in Excel may be of little interest. Complicated formulas.
Procedural languages are easy!

Conclusion: algorithms may not belong in spreadsheets.
Cliff Ragsdale

My lack of creativity? Compare Ragsdale’s CPM.
Also a graph algorithm, but very easy to extend. Nice!
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Maybe you can do better!

Referees improved our spreadsheets.
If you can do better, let me know!

Improving spreadsheets is like improving algorithms!
Lots of work & hard to explain.
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