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Chapter 2: 
Optimization


CHAPTER 2
OPTIMIZATION


The optimization of a genealogical tree diagram was discussed briefly in Chapter One. This chapter discusses the optimization procedure in more detail. Experience has shown that an optimization procedure is more efficient when optimization is performed at the local level rather than at the global level. That is, optimization should be an integral part of the initial analysis procedure–each time the analysis procedure produces a new branch, the branch is subjected to optimization. This does not neglect optimization at the global level, because as the branches grow, the opti​mization becomes more global, finally optimizing the whole tree. The advantage of this technique is that it maintains the tree at its optimum form in all the stages of its develop​ment. This reduces the overall work of the optimization procedure whenever branches are joined.


The ultimate goal of an optimization procedure is simplicity and self consistency–that is to restructure each branch, and ultimately the tree, into its simplest, self-consis​tent form. As stated earlier, the simplest form is understood to be the form in which a branch has the least possible nodes introducing the least number of variants, with the least amount of multiple parentage. The procedures for accomplishing this goal can be rather complex, but they break down into four types: (1) mixture resolving procedures, (2) pruning proce​dures, (3) grafting procedures, and (4) consistency procedures.

Unresolved Mixture


Unresolved mixture in a branch is understood to be present whenever manu​scripts
 in the branch have common readings that are not explained as being inherited from their current ancestors–that is, a new variant reading has been introduced more than once into the branch. In general, this unexplained mixture is resolved by locating the source of the mixture in the branch, or by creating a new exemplar that provides the source of the com​mon readings. If the source of mixture is one of the manuscripts in the branch, then a sec​ondary parent connection is made to the manuscript that is the source of the mixture. This reduces the number of places where new variants are introduced, with​out increasing the number of nodes. If the source of mixture does not yet exist in the branch, then a new exemplar is created that provides the source of the common readings.  This adds one node to the tree, but it diminishes one or more places in the tree where new variants are intro​duced. So at best the complexity
 of the tree is reduced, and otherwise it is not increased. The ultimate goal is to construct the branch so that any new variant reading is introduced into the branch only once. 


Two sources of mixture can occur within a branch: (1) mixture from a currently existing apparent aunt; (2) mixture from a currently non-existing secondary parent; this may be referred to a mixture among apparent cousins.

Aunt Mixture


Within a given branch, two or more manuscripts may each introduce a common new variant–that is, each has the same reading that is not explained as inherited from its present parents. Whenever one of these manuscripts currently appears to be the aunt of one of the others,
 then the genealogically nearest apparent aunt may be made a secon​dary parent of the apparent niece. This may be extended to apparent second, third, and fourth generation aunts, and beyond. This reduces the number of places where the given new variant is introduced in the branch without increasing the number of exemplars, thus reducing the overall complexity of the branch. The following figure illustrates the proce​dure:
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In this illustration, Ms 1 is the head of the branch under consideration. Mss 2 and 3 are first generation daughters of Ms 1, each containing the reading(s) a of the head and introducing their own unique and newly introduced variant(s) b and c respectively. Mss 4 and 5 are first generation daughters of Ms 2, each containing the readings (a and b) of their parent Ms 2, and introducing their own newly introduced variant(s) d and ce respec​tively. Mss 6 and 7 are first generation daughters of Ms 3, each containing the readings (a and c) of their parent Ms 3, and introducing their own newly introduced variant(s) f and g respectively. The problem is that variant(s) c are introduced twice in the branch, once in Ms 3 and again in Ms 5. But Ms 3 is an apparent aunt of Ms 5, so Ms 3 can be made a secondary parent of Ms 5, thus resolving the unaccounted for mixture. The same proce​dure applies to more remote apparent aunts.

Cousin Mixture

Within a given branch, two or more manuscripts may each introduce a common new variant–that is, each has the same reading that is not explained as inherited from its present parents. Whenever two or more of these manuscripts currently appear to be cous​ins,
 then a new exemplar may be created that will be a secondary parent for the apparent cousins. The new exemplar will have the common readings of the apparent cousins, oth​erwise it will have the readings of the nearest common ancestor of the apparent cousins. The new exemplar is made the daughter of the nearest common ancestor of the apparent cousins. The result will be that the apparent cousins will become half-sisters, with their common readings accounted for by their new secondary parent. This may be extended to apparent second, third, and fourth generation cousins, and beyond. This reduces the num​ber of places where the given new variant is introduced in the branch, but it increases the number of nodes in the branch by one. The following figure illustrates the procedure:
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In this example, MS 1 is the branch’s head that accounts for common reading(s) a in every MS in the branch. MS 2 accounts for reading(s) b common to MSS 4 and 5; and MS 3 accounts for readings (c) common to MSS 6 and 7. However, before optimizing, MSS 5 and 6 have common readings (f) not accounted by their current parents, and they are apparent cousins. The optimizer creates a new exemplar, MS 8, a direct descendant of the nearest common ancestor (MS 1) of Ms 5 and Ms 6, with all the readings of MS 1 except for readings (f); this exemplar is made the secondary parent for MSS 5 and 6, thus accounting for their common readings (f). Thus MSS 5 and 6 are identified as experienc​ing mixture from mul​tiple parents. The apparent cousins have become half-sisters.


Before optimizing, the branch had 7 nodes and 9 introductions of variants, making a total of 16. After optimizing, the branch has 8 nodes and 8 introductions, also a total of 16. In this case the complexity was not diminished. But if MSS 5 and 6 had more than one common reading, or if there had been more than two cousin MSS with the common reading, the complexity would have been diminished.


Let the symbol m represent the mixture resolving algorithm, and the symbols ma and  mc represent the aunt and cousin procedures respectively. Then

m =   ma   mc
where the symbol  represents iteration. The algorithm iterates repeatedly through its pro​cedures until all mixture in the given branch is resolved–that is, any new variant in the branch is introduced only once.


When applied consistently at the local level, these two procedures are capable of accounting for all possible mixture in a complex genealogical tree. However, as simple as they are, these procedures may create certain types of structures that need further optimi​zation. These are corrected by pruning, grafting, and self consistency procedures.

Pruning


In the process of generating a branch of a tree, and optimizing it to account for all mixture, the pro​gram sometimes creates structures that need pruning. Pruning takes place in the following circumstances: (1) when an exemplar in the branch has no descendants; (2) when an exemplar has only one descendant; (3) when one exemplar is identical with another; (4) when a parent exemplar does not uniquely account for at least one of the readings in its daughter.

Childless Exemplar


Sometimes, in the process of pruning, an exemplar ends up with no descendants. In this case the childless exemplar is pruned from the tree. It is no longer of value to the construction of the tree–it contributes no useful information.

Only One Descendant


If an exemplar is found to have only one direct descendant, then it is pruned out, and its one direct descendant is made a direct descendant of the parents of the given exemplar. A one-descendant exemplar contributes no useful information to the genealogi​cal tree, but adds to its complexity.

Identical Exemplars


When two exemplars are found to be identical, then the most recent one (by date) is pruned out, and its direct descendants are made direct descendants of the earlier exem​plar. Identical exemplars are evidence of unnecessary redundancy in the tree.

Non-contributing Parent


Sometimes, in the process of resolving mixture and pruning, a manuscript ends up with a parent that no longer uniquely accounts for at least one reading in the manuscript. In this case, the manuscript is disconnected from the noncontributing parent, so that it is no longer regarded as its descendant. Unnecessary parent connections contribute to the complexity of the tree without providing any useful information.

Interactive Pruning


Whenever the above types of pruning take place, the parents of the pruned exem​plar (and sometimes its descendants) may have been affected such that further pruning is required. So the affected manuscripts also should be subjected to the pruning procedure. This interactive process should continue until no further pruning can take place. Pruning may also create new occasions for resolving mixture. So after pruning, the given branch should be examined again for possible mixture resolution. Normally the iteration con​verges rather quickly.


Let the symbol p represent the pruning algorithm, the symbol p0 represent the “childless” procedure, p1 the “one descendant” procedure, pi the “identical” procedure, and  pn represent the “non-contributing” procedure. Then

p =   p0  p1  pi  pn
where p iterates repeatedly through its four procedures until no further pruning is possi​ble.

Grafting


Sometimes, as branches are joined together to form a more complex branch, an exemplar emerges that is a better parent
 for one of the manuscripts in the newly formed branch than is the current primary parent of the given manuscript. In such a case, the given manuscript is pruned from its current parent(s) and grafted in as a daughter of the better parent exemplar. Such grafting operations may create an occasion for further pruning and mixture resolution, but it reduces the complexity of the new branch by diminishing the number of occasions for the resolution of mixture. Let b represent the better parent pro​cedure. The better parent procedure checks every manuscript in a given branch for a pos​sible better parent, and it prunes and grafts any manuscript for which a better parent is found.

Self Consistency


The requirement of self consistency is based on the assumption that once a variant has been introduced into the tree, it is consistently transmitted to its descendants until a new and different variant (if any) is introduced at the given place of variation. The first variant is not expected to reappear in the line of descent. This is referred to as linear self consistency. At first glance, this might appear to be a denial of the possibility of correc​tion. However, that is not the case; it is better to regard a “corrected” manuscript as a descendant of the source of correction as well as a descendant of the source of its later variants. This permits the tree to maintain its self consistency as well as to define the sources of the mixed readings.


When a reading reappears in its line of descent, the optimizer must resolve the diffi​culty and make the tree self consistent. This occurs when a daughter manuscript and a remote ancestral exemplar have the same reading, but the intervening ancestral exem​plars have a different variant at the same place of variation (as illustrated in the following figure). The optimizer resolves the problem by changing the readings of the intervening ancestral exemplars to the reading common to the remote ancestor and the daughter.
 This creates the occasion for possible further mixture resolution and pruning; but the ultimate result is a simplifica​tion of the tree with corrected self consistency.
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In this example MS 8 is the daughter under consideration. It has reading 5.2 along with its remote ancestor MS 1; but the intervening ancestors MSS 3 and 5 have reading 5.3 at the same place of variation:
 this is the linear inconsistency. MS 3 inherits variant set a from its ancestor MS 1, and it introduces its own set of variants c together with vari​ant 5.3. MS 5 inherits variant sets a and c from its ancestor MS 3, together with 5.3, and it introduces its own variant set e. MS 8 inherits variant sets a, c, and e from its immedi​ate ancestor MS 5, in addition it introduces its own variant set g together with an apparent correction of 5.3 to 5.2 (the inconsistency). MS 2 inherits variant set a and reading 5.2 from its ancestor MS 1, and it introduces its own variant set b. MS 4 inherits variant sets a and c and 5.3 from MS 3, and it introduces its own set d. MS 6 inherits variant sets a, c, e, and 5.3 from its ancestor MS 5. 


Resolution of the inconsistency is accomplished by changing the variant 5.3 to 5.2 in the intervening ancestral exemplars MSS 3 and 5, as in the above fig​ure. This results in MSS 4 and 6 having variant 5.3 not accounted for by their ances​tors, and so apparently originating independently in both. However this can be resolved by the mixture proce​dure which revises the tree as in the following figure by con​necting the apparent aunt MS 4 as a secondary parent of Ms 6; Ms 4 becomes the source of variant 5.3. The resultant diagram is optimum and self consistent.
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Linear consistency needs to be checked and resolved only on the linear path of primary parents. This one algorithm resolves all linear inconsistencies. Let the symbol k represent the self-consistency procedure. The procedure checks every reading of every extant manu​script in a given branch for self-consistency with respect to the head of the branch, and resolves any that are found inconsistent.

Optimizing Sequence


The sequence of the optimizing steps is important. For a given branch, the op​ti​mizer should first resolve linear inconsistencies, then resolve mixture, then prune, and then find better parents. Once the linear inconsistencies have been resolved the step does not need to be repeated in the given branch; experience indicates that mixture resolution and pruning do not create new linear inconsis​tencies. However, the mixture resolving, pruning, and finding better parents should be iterated until no further operations are required. The process usually converges quickly. The final optimizing algorithm is

W = k +  m  p  b



� The term “manuscript” is used here and throughout this chapter to refer to either extant manuscripts or to hypothetical exemplars created by the computer unless otherwise indicated. The term “exemplar” is used only to refer to a hypothetical exemplar created by the computer. The analysis and optimizing procedures never permit an extant manuscript to function as an exemplar; this is done to facilitate the optimizing techniques. If, after the complete, optimized tree has been generated, an extant manuscript is found to be identical with its exemplar, then the extant manuscript may replace its exemplar. To let this happen before the analysis procedure is complete would result in hindrances to the optimization process.





� In this context, complexity is understood as the number of exemplars in the branch plus the number of new variant readings introduced in the branch.





� A manuscript appears to be an aunt of another when its parent is the grandparent of the other one. This relationship may be extended to earlier generations, so that the aunt’s grandparent may be the great grandparent of the niece, etc. So the apparent aunt relationship may be generalized to include a known relative of an earlier generation.





� Manuscripts are cousins if they have a common ancestor–that is, they have a common grandparent, great grandparent, etc. This relationship may be generalized to include manuscripts that are in the same generation with respect to their descent from the head of the branch. Thus theoretically it includes sisters.





� A better parent is an exemplar in the branch that is more like the given manuscript than its current primary parent. This is determined from the difference matrix.





� The optimizer has the authority to change the readings of a hypothetical exemplar, but not those of an extant manuscript. Resolving linear inconsistencies is about the only circumstance where the optimizer needs to make such changes.





� When a variant is represented by a decimal number, the number before the decimal identifies the place of variation, and the number after the decimal identifies the variant at that place of variation. In the example 5.2 represents the second variant at variation unit 5.
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