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Chapter I . E ,ccut i, c · u111111~ r~ 

1. Executive Summary 

This document has been prepared by Deighton Associates Limited (Deighton) and is the 
final report fo r project SD98-05: Pavement Manm.!ement Se!.!.ment Consolidat ion. T his 
report ,..,·ill present the results of the study that lead to the enhanced feature in dTIMS that 
is known as Automatic Programme Development (APO). 

1.1 The Study's Purpose 

dTIMS is a multi year prioritization computer system used by the South Dakota 
Department of Transportation (SD DOT) as part of the State ·s pavement management 
system. dTIMS selects an --optimal .. strategy for each segment in the highway network in 
such a way as to ensure that the sum of the costs for all segments does no t exceed the 
budget and that the total network wide benefits are maximized. 

Unfo rtunately. dTIMS makes the --optimal .. strategy selection fo r each segment 
independent of the segment" s location. This strategy selection inde pendence is a problem 
whose ymptoms take many fom1s. for instance. dTIMS can recommend a treatment on 
one road segment in one year. and the same treatment on an adjacent segment in the next 
year. 

It takes a tremendous (impractical) amount of time for SD DOT staff to s it down v,:ith 
dTIMS and rationalize reasonable construction projects by manual ly combining adj acent 
road segments. dTIMS. therefore. required a procedure that would reduce this incred ible 
time burden down to a reasonable level. Such a feat ure wil l combine adjacent segments 
and make minor adjustments to the optimal strategy to come up \\'i th a recommended. 
practical set of construction projects. Then. the feature should a llow a user to si t down 
and manually confirm and/or adjust the resulting project sect ions. treatments and timing 
us ing a strip map interface. 

Study 098-05 Final Report b~: Deighton As ociates Ltd. 



Chapter I. Executi,,: ummar~ 

From a construction programming point of \'ie\\. it is most economical to create 
construction projects that are as long as possible. Some of the benefits of longer projects 
are. for instance: they save money in plant mobilization costs. and they reduce the impact 
of traffic obstruction. 

1. 2 Approach to Study 

The approach to the study was centered around Deighton identifying a set of parameters 
that can be used to automatically combine optimized dTIMS strategies into a first cut set 
o f construction projects and the implementation of the procedures in dTIMS. 

The project began with the consultant developing a questionnaire to be distributed to a 
cross section of experienced dTIMS users including SD DOT staff. The questionnaire 
was designed with the intent of gaining an insight into the manual processes that are 
currently used by dTIMS users to develop final construction projects. 

The questionnaire was sent to SD DOT for review and distributed following modification 
to incorporate the comments received by Deighton. Following several \veeks the 
questionnaires were returned and the answers/comments were summarized in a report to 
SD DOT. The repo11 and its recommendations made by Deighton was the basis for the 
programming work that follo\-ved. 

From the results of the questionnaire Deighton concluded that the parameters needed to 
process the logic required to automatically generate construction projects from optimized 
sec tion strategies would be user specified by way of decisions trees. The branches of the 
decision trees would address the fol lowing questions regarding each candidate section for 
inclusion in a construction project. 

• ls the maximum project length exceeded? 

SD 98-05 Final Repon b~: Deighton /\ssociates Ltd. 
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Chapter I. E \.ecuti, e Summ::ir~ 

• Is the treatment compatible \,·ith the project treatment? 

• Can the treatment be sv,itched? 

• Can the treatment year be switched? 

• Can the section be skipped? 

As the dTIMS users were completing the questionnaires. Deighton began modi f) ing 
dTIMS to include a strip map function. This work proceeded independent of the 
automatic project generation phase of this study. It was intended that this feature ,vould 
be used to display the results of the APD and \Vould allow the user to modify the 
recommended set of projects manually. 

Subsequent to the development of the strip map capabilities in dTIMS the programming 
of the automatic project generation logic ,-vas completed and a rigorous in house testing 
program v\"as establ ished to identify and correct any fau lts. 

To conclude the project the integrated Help System and Reference Manual were modified 
to reflect the outcome of the programming. Folio," ing this was the publication of a 
sothvare patch that was distributed to all dTIMS users via the internet so that the current 
version of dTIMS could be upgraded to version 6. 1 and include the features developed 
under this study. 

1.3 Conclusions and Reco111111endations 

Ar the completion of the project the consultant made the fo llowing conclusions and 
recommendations. 
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1.3.1 Decision Tree Development 

Following the review of the software documentation it is recomme nded that SD DOT 
commence with the de,·elopment of dec is ion tree theory that \Vii i be used to model the 
current programme development process in South Dakota. Any assumptions o r 
background used in the development of the theory should be recorded in the 
docume ntation that accompanies the decis ion tree summary. 

1.3.2 Further Testing 

The SDDOT decis ion tree structure should be applied Lo the SDDOT network for testing 
the reliability of the APO. Results of the test program should be used to. not only. debug 
the decision tree setup but. also to g ive additional feedback to Deighton regard ing the 
functionality of the software. 

1.3.3 Automatic Programme Development Implementation 

SDDOT must dc\'e lop an implementation plan that ,viii enable the APO to be used in the 
development of practical constructi on projects from the dTIM S optimized construction 
programme. lt may be wise. as part o f the implementation plan. to check results from 
APO with the programme that was-produced using current procedures in a previous year. 

D 98-05 Final Report by: Deighton Associates Ltd. 
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1.3.4 Review and Revise 

Following the generation of the first automatic programme. SD DOT should re\·iew the 
programme developed with the intent of e\'aluating the suitability of using decision trees 
as a foundation in the construction programme process. 
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Chapt.:r ~- Problem Description 

2. Problem Description 

This research project was initiated in 1997 '""·hen the South Dakota Department of 
Transportation (SDDOT) issued a Research Project Statement (RP ). The RPS stated the 
fo llowing in the form of a P roblem Description. 

SDDOT uses Deighton Associates Limited software. dTIMS. to analyze life-cyc le costs 
fo r various rehabilitation strategies on each segment of road in its net,, ork. To use 
dTI.\tlS. SDDOT divides its road network into ··homogeneous .. segments. Homogeneous 
means that the source data describing the attributes of a segment are the same throughout 
the segment· s entire length. Unfortunately. dTl MS makes the ""optimal .. s trategy 
selection for each segment independent of the segment· s location. length. or adjacent 
segment status. 

For instance. dTIJ!S 111igh1 recommend a par1ic11/ar repair strategy_/rJr one 

sef{ment. a different strategy .fbr Ihe next and a 1hird slrate.f!J'.f<>r the nexl. B11I each 
r?f these 1hree sei111e11Is may not he o_ls1!tficienl length lo he a .\Wnd alone project 
or it mighl he more cos! e_(Jec1i1·e to do one pn~ject al one Ii111e instead cfspreading 
pn?fecls orer more years. To comhine Ihese segments requires Planning and 
Programming stqff10 nwn11al(1· co111hi11e seg111e11Is so that ,·iahle constmc1io11 
pro_jects can he proposed 

Research is needed lo de.fine rn/esfor consolidating segmems and to a11I011wte 

those methods in the dTJ.\IS so_fhl'Clre. 

This is a fundamental problem with dTIMS: not only for SDDOT. but. for dTIMS users 
a ll over the world. As a result. this ~nhancement has been on Deighton· s list for 
enhancements to dTIM for a number of years. Due to other commitments and priorities. 
it has rema ined on the enhancement list. Prior to this project the enhancement was 
scheduled for a 1999 completion date. 
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Chari er 2. Problem D.::scription 

De ighton responded to the RPS and based on their proposal was awarded a contract on 
·ovember 25th

. 1997. The work was joimly runded by SD DOT and Deighton. The 
sol't\\'are. complete with Reference Manual and an integrated I kip System. \\,·as de liwred 
to SDDOT on April 30. 1998. 

2.1 Background Su,nmary 

Di viding roads into --homogeneous .. segments has been a major problem fo r all areas of 
highway engineering. Yet. there is little or no work done in this area guiding us to a 
proper theoretica l solution to a tough practica l problem. Some spec ific \Vork has been 
done. but no purely theoretical work. For example. Appendix J in the AASHTO Design 
of Pavement Structures manual is devoted to describing --a powerful analy1ical method for 
delineating statisticall y homogeneous units from pavement response measurements." 
Th is powerful analytical method. however. presupposes that project lengths are already 
known: how unfortunate. 

dROAD has a function called "'automatic sectioning .. \vhose purpose is to produce 
homogeneous sections. This function. however. is not based on rigorous theory. Rather. 
it is based on brute force. The reason for this is the lack of direction from the literature. 
This too. by the way. is why the construction project development problem has stayed on 
the she! fat Deighton for so long. 

One of the biggest problems this research project encountered was how to aggregate data 
from small sections to bigger sections. Issues such as the fo llowing required careful 
study. fo r example: 

8 

1. Fi rst. assume tha t dTIMS has been set up to produce a list of feasible strategies fo r 
each segment. Second. assume that the recommended strategy for segment one is 
not even in the list for segment two. Wil l this new procedure generate the strategy 
for segment two so that it can analyze the effect of joining segment one and 
segment two into construction projects? If not. why? If so. why wasn· t dTIMS 
set up to have the strategy generated for the section segment in the first place? 
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Chapter 2. Problem Description 

' Presumabl~. when tv,o smalkr segments are joined into a larger construction 
project the cost for the same strategy is not simply the sum of the costs for tv,o 
indi \·idual strategies. (Consider the sa\·ings in mobilization costs as an example 
of \\hy this may happen.) If this is true. then the optimizat ion analysis to initially 
selec t the t\\'0 indi vidual strategies \\·as not using the same info rmation as \\ e are 
ending up ,vith. Does this mean we are moYing away from the optimal solution? 
Or. is the amount of movement so small it"s not significant? Or. do we change 
the original cost to remove the mobilization fac tor out of the original cost 
equations and just add it in later? 

3. Using a similar line of thought. when two identical strategies are added fo r two 
adjacent segments. are the benefits additive? 

4. If a one mile-long ·oddball' segment exists between two fifteen mile segments 
which ha, ·e the same recommended strategy. should the oddball be ·throv;n in· 
and the two segments joined together? What if the two segments \\'ere each one 
mile and the oddball ,vas fifteen miles? If you answered ··Yes .. to the first and 
•• o .. to the second. where is the dividing line? 

The specific answers to the above questions are not impo11ant. What is important, 
though. is the number of poss ible questions that must be answered when performing a 
function such as the one proposed in this project. Deighton had to be sure that as many of 
these questions were asked before the sofhvare code was modified so that the design can 
be complete. Deighton·s law or code bloat says .. the number or lines of code is inversely 
proportional to the amount of forethought that goes into a design:· 

For this reason. at the last Deighton user meeting an informal group of people was 
assembled to fonn the --hop scotch user group:· The mandate of the group was to 
contribute to this forethought. 

The new version of dTIMS will have three sofhvare functions not currently avai lable in 
dTIMS. These are: 

I . A window which accepts the user·s parameters regarding hov.' the construction 
project generation analysis \.\ ill act. This screen wil I get such things as the 
minimum and maximum project lengths. 

. wdy S098-05 Final Repon b:: Deighton As ociates Ltd. 9 
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Chapter~- Problem De cription 

A function (presumably initia ted from a ··Execute·· button on the abo\·e windo\\) 
which uses the Road. From. and To fields in the DT~699 file to automatically 
generate construction projects. 

3. A window that allo\\S for manual O\'erride of the construction projects. This 
window will use a strip map interface which shows the analysis segments along 
each road with their optimal strategies. It a lso sho\\s the resulting construction 
projects with their strategies. This function \viii allow the user to adjust the length 
and strategy for each construction project interactively. 

D 98-05 Final Report by: Deighton Associates Ltd. 
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Chapter 3. Project Object ive~ 

3. Project Objectives 

This project has three research objectives. They are listed in the folio\\ ing wi th a shon 
di scussion that is intended to communicate the perception of Deighton· s und~rstand ing o f 
the objectives. 

ONectire One: To de,·elop a ser of user definable paramerers. or a mechani.rn, ro handle 
·open-ended· parameters ll'hich will determine hall' dTIMS ll'i/1 generare construelion 
projecrs fi·om rhe ana~i·sis segmenls and its corresponding list <~lrecom111e11clecl 
strategies. 

One of the most predominant considerations when making construction projects is 
minimum length. For instance. it is impractical to ini tiate a 500 foot long 
construction project in the middle of nowhere. Therefore. anyone can say v,:ith 
certainty that one o f the parameters will be minimum length. 1 lowe\·cr. can 
anyone say that the minimum length parameter is the same for construction 
projects in urban areas? Hov\1 about treatment type or funding category? Issues 
such as this must be identified and c learly understood. 

Other parameters are not qu ite as certain as minimum length. T he project must 
eithe r de\·elop an exhaustive I ist of prio ritized parameters: or it must develop a 
mechanism to accommodate ·open-ended· parameters. An ·open-ended· 
parameter is user specified. Without them the next objective will be difficult to 
satisfy. 

O~jectire T,rn: To derelop procedures that use the ahol'e parameters to auto111atically 
generate a set <?f riahle construct ion projects. 

Stud~ SO98-05 Final Repor1 b~ : Deighton Associates Ltd. 11 



Chapter 3. Project Ob_i.:ct i\<:S 

This ohjecti, e prompts the de,·elopmcnt of a function in dTIMS that can use the 
parameters to go through the list or analysis segments and test various 
combinations of them to see \\ hich best meets the criteri a for a construction 
project. Building this function wi ll not be trivial. It will possibly haYe to have a 
recursi,·e component that keeps calling itself until all criteria arc satisfied. 
Although it is premature to design the function here. we do not want to tri,·ializc 
the effort requirc:d here. 

One or the difficulties in demonstrating that this objecti,·e has been satisfied is 
getting a consistent. reproducible definition of viable construction project. The 
word viable was used here to distinguish the resulting construction project from 
··optimum:· To get the --opti mum"' construction projects would require a totally 
different project going in a totally different direction. The basic idea is to produce 
a set of construction projects that are reasonably close to those that are currently 
produced by hand using dTIMS. output. • 

O~jecti,·e Three: To provide.fimctions in dT!MS ,rhich H"il! a/loll' a user to (a) enrer the 
parameters o(ohjective one. (h) pe,form the analysis c~lo~jectiw !ll'o. (c) interactively 
re,·ie,r and aclj'ust the construction projects ,rhich result.from the previou function on a 
strip map. and (d) print and export the results. 

12 

Finally. the project must produce results that are actually implemented in dTIMS. 
After all the symptom we are trying to reduce is the tremendous (impractical) 
amount of time it currently takes SD DOT staff to s it down and rational ize 
reasonable construction projects by manually combining adjacent road segments. 
This objc:cti ve is aimed at ensuring this symptom is corrected. 

The interface will ·borrow· the strip map technology already in use in dROAD 
Yersion 6.0. The word borrow is used because the objects in dROAD 6.0 are not 
directly transferable to dTIMS for various reasons. The technology will have to 
be custom \\Tittcn for dTI 1S 6. 1. 
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Chnpta -l . Project Tnsl-.s 

4. Project Tasks 

The list of research tasks accompli hed during this project is shO\\·n belo\,·. The first t\,·o 
tasks. A and B. are gene ral to all Deighton projects. All other tasks. 1 toll. are specific 
to this project. Each task is presented as it appeared in the proposal and discussed. 

Task rl: Initiate and maintain the prc?ject in Deighton ·s Quality System. 

Over the past severa l years Deighton Associates has been designing and 
implement ing a Quality System for its off-the-shelf software. Thi s quality system 
is schedu led for ISO 9000 certification in October 1997. 

Before any project im·o lving the softv.:are is initiated Deighton Staff must initiate 
the project in the Quality system. To do this the project manager must sit down 
and create a file with a number of documents in it. These documents include such 
things as the Project Plan. the Requirements Document. the Test Plan. just to 
name a few. 

Each of these documents are meticulously ma intained throughout the life of the 
software. The speci fic steps arc described in detail in the Deighton·s Quality 
Procedures Manual. 

Task B: Change pn~ject scope and 1rork plan to incorporate the co111111ents olSDDOT's 
projec1 ·s technical panel. 

Deighton adjusted and modified the project scope and work plan to incorporate all 
reasonable requests and ideas from the SDDOr s technical panel. 

tud~ SD98-05 Final Repon b~ : Deighton Associates Ltd. 13 



Chapter 4. Pro_io:ct Tasks 

The \\·ord reasonable ,vas used to make it perfectly clear that Deighton had the 
final say on a ll matters dealing with the deliverables of this pro_ject. SD DOT had 
the ri !.!.ht to recommend and make sug!.!.estions. Ho,,e\·er. Deic.hton resen·ed the 

..... i.,.;- -

right to refuse suggestions that might jeopardize the successful completion of the 
project. For instance. Deighton would ha\'e refused a request by DDOT to 
include a button on the manual adjust window which would allow the user to vie,,v 
a video clip of the affected segments. 

Preparing and submitting the proposal for this project was how this task ,vas 
accomplished. In the proposal Deighton described the project. its objectives. and 
its scope. SDDOT had the opportunity to review the document and suggest 
changes. 

Task One: Jrrile strip 111apf1.1nction for dT!MS. 

14 

No matter ,,·hat the results of the remaining tasks \'\'ere. the end product of this 
project had to be mani fested in the dTIMS software. The primary user interface 
for this is a strip map function similar to the one used in dROAD 6. (See the 
··ViewjElement Locations .. function in dROAD 6) 

The idea ,,·as to use the dROAD 6 strip map function as a prototype for a similar 
function in dTIMS. The reason a ne,,· function had to be built is primarily related 
to the difference between data structures used in both systems: dROAD has a 
much more sophisticated data structure than dTIM . 

Nevertheless. bui lding the foundation for this strip map function in dTIMS could 
commence immediately. Objects such as information windows and buttons ,vere 
added to the basic strip map later to accommodate specific functions and 
procedures that were de\'eloped in subsequent tasks. 
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Chapter -1 . Project Tasks 

While Deighton wa waiting fo r the results of Task Two \\Ork began on the 
writing of the stri p map function within dTltv1 This was the s ingle most time 
consuming task in the project. 

The who le idea of the strip map is to (a) draw a line diagram of a particular road 
showing ½here the elements from the in\"entory file occur along the road. and (b) 
let the user compare the selected strategies for each element from a particular 
budget scenario with the selected strategies in another budget scenario that can be 
manipulated to form programme projects. 

Ta. k Tiro: Jm·esrigate and recommend a ser ofparameters ro he used hy c/TI.\/S lo 

control rhe auromaric generation of construcrion projecrs. 

Although this was proposed as Task Two. the project began with the investigation 
of the parameters to be used by dTIMS to control the APO. This task was tack led 
first because of the need to solicit input from the SD DOT Technical Pane l as well 
as a number of experienced dTIMS users that were not directly involved in this 
project. Deighton correctly percei\·cd this a potential ly being a time consuming 
process. 

Task Two specifically involved the im·estigation and recommendation of a set of 
parameters to be used by dTIMS to control the automatic generation of viable 
construct ion projects. 

To accompli sh the objectives of Task T"vo. Deighton proposed the fo llowing: 

• develop a questionnaire which would al low \·arious experienced 
dTIMS user·s to describe the criteria used to decide on 
construction projects: 

tud~ S098-05 Final Repo11 by: Deighton Associates Ltd. 15 



Chapter ➔ . Project Ta,b 

• get comments from DDOT on the questionnai re by ta:--. modi I\ it. 
then distribute it to SD DOT as ,,·ell a other experienced dTIM 
users: 

• collect the questionnaire and analyze the results: 

• summarize the results in the form of a draft report ,,·hich suggests a 
list of criteria to be used in the automated procedure: 

• distribute the above report to the original participants: 

• have a conference call between Deighton and DDOT to discuss 
changes to the report: 

• incorporate the comments into a revised report and redistribute: 

• use the report as the basis for the dc,·elopment of the \'iable 
projects enhancement. 

The results of the survey are summarized in the dTIMS Viable Projects 
Questionnaire Summar\'. Deighton anticipated that the task at hand was going to 
be complicated. The questionnaire responses confirmed j ust that. Although 
Deighton ne,·er asked directly for any --secrets .. that might make the job easier. 
none came. Therefore. the problem was in\'estigatcd from several different angles 
and an approach developed. \Vhich. in the absence of anything better. is a little 
complicated. but. \.Viii work. 

/\ copy of dTIMS Viable Projects Questionnaire Summary is included in 
Appendix· 1 • of this report. It includes the sun·ey questions. answer from the 
participants and summation by Deighton. 

Task Three: Create a 11·indoH· in dTl.\fS 11·hich allmrs the user 10 enter the required 

paramefers and to initiate 1he a1110111mic generation <?f'consfmction projects. 

16 SD 98-05 Final Repon by: Deighton A sociates Ltd. 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Chupter -1 . Prnjec1 Ta~k -

The general logic required to have dTIMS perform APD was dc\eloped as part or 
the summary of the dTIMS user questionnaire. ( ee .Appendix · 1 ·i It \\·as only 
le tt to determine ho\\ dTIM \\Ould process the logic. The approach taken laid 
the logic out in a flowchart and identifies the decisions that need 10 be made. To 
help dTIM answer the questions. Deighton de\'eloped a decision tree concept 
that allows the user to define the parameters needed to initiate the automatic 
generation of construction projects. 

Task Four: Write a.function 1t'hich uses the parameters and dT!i\lS • lisr c!fstrategies to 
auto11w1ically generate a firsl-cut • sel r?f"conslruction projel'ls. 

Deighton developed a function. which uses the user defined decision tree 
parameters and the list of dTIMS. strategies to automatically generate a set of 
construction projects. Some initial ideas about this function are listed below 
(NOTE the highlighted words are specific objects in dTIMS described in the help 
system): 

• A --construction project'" \Viii be a set of one or more analysis segments. 
The function will not subdivide the analysis segments into smaller 
pieces when forming construction projects. 

• The strategy for a construction project will be the aggregation of the 
selected strategies for each of its analysis segment·s. This means that 
dTIMS \•viii simply mod if)· the selected strategies of an existing Budget 
Scenario. 

• This function \\-ill have the ability to automatically add another strategy 
to an analysis segmenr·s list of strategies. This strategy will be 
generated in a manner similar to dTIMS" committed treatment. The 
difference will be that this ne"•' strategy will be added to the ex isting li st 
of strategies. 

Task Fire: Conduct a conference call with SDDOT to re1'ie1t' progress <~(the 01·erall 
projecl. 

tud: SD98-05 Final Report b~ : Deighwn Associates Ltd. 17 



Chapter -L Project Tasks 

. conference call bct,\·een Deighton and SDDOT \\a an-anged to discuss other 
ideas about ho,, this function ,,·ould. From the discussions the specifications for 
the APD summary report '"'ere delined. This summary report is a\'ail ahle for 
viewing from dTl\1S. 

Task Six: Use the Strip 1\ /ap.fzmc:tion as the basis <~f afimction that al/011·s the user to 
111cm1wlly create and edit construction projects. and their s1rategies. 

Thi s task added the information windows and buttons to the basic strip map 
function created in task three. The basic idea for this function was to give dTIMS 
a function that would allow a user to create construction projects manually. The 
user can create them from scratch. or. modify the projects recommended by the 
function developed in Task Four. 

Task Se,·en: De ,·e/op a prim and owput.fimction so thm optimum and ,•iahle 
construction projects · h11dget information can be output 10 a prinler or a.file. 

18 

This function includes a recalculate button and an undo button. \\·hich affect the 
budgeting factors. It also has a print and export button vvhich. among other 
things. prints the original optimal strategy for each section along side or the 
construction project segment. 

The programming of dTIMS. the second most time consuming task. inc luded 
Tasks -l. 6 and 7. In total. 8656 lines of code were added to dT[MS. This docs not 
include the modificat ions to the integrated Help System. The results of these 
tasks can be seen in the software that was delivered to SDDOT. The new code 
was delivered as a patch via the Internet. Through the application of the patch 
dTIMS 6.0 was upgraded to version 6. 1. 
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Charier -1 . Pro_jec1 Ta~l-.s 

Twk Eight: .\Joke neces.,ary c/1011ge., to the 011-li11e Help \ \·stem and the haul mp_,· l 'ser 
,\/umwl. 

The new functions and defini tions developed in this project \\ ere incorporated 
into dTI\1s· existing on-l ine help system. This task ensured that not only \,as thr: 
text added. but. the context mapping is performed and linked into dTIM, . 

Deighton Qual ity Procedures descri be the processes inrnl,·ed in transferring the 
help system tex t into the hard copy manual for dTIMS. Deighwn fol lowed the r: 
steps to ensure that an up-to-date hard copy manual is completed by thr: end or 
this project and a copy of this manual hall be pro,·ided to SD DOT for each 
license they possess. 

The relevant sections added in the Reference Manual are as follows: Chapter 3. 
pages 87 - 95. Chapter 4. pages 182 - 189 and Chapter -L pages 20 I - 205. These 
sections of the Reference Manual give specific information on the functionality 
and capabi lities of the APO feature of dTIM 6. 1 and ha,·e been reproduced in 
/\ppendix ·2· of this report. 

Task :\'ine: De,·elop a test plan and lest the s<?fhrnre according to the plan to ,·erffj· that 
the so.fhl'Clre pe1:fhrms its i111ended.fi111ction. 

Prior to the deli very of the dTIMS 6. 1. Deighton committed a sign ificant effort 
towards the in-house testing to verify that the soft\vare ,1-·as working as intended. 
This involved the development of a test plan. as outlined in Deighton·s Quality 
Procedures manual. necessary to carry out a series of tests to veri fy that the 
software is functioning as planned. 

Swd~ SD98-05 Fi na l Repo11 b~: Deighton Associatl!s Ltd. 19 



Clrnp1a -4. Project Tasl-.s 

Task Ten: Classff.ifc111/1s and correcl all "hugs.··. 

Deighton· s Q uality Procedures manual outlines the steps required by the vice 
president of R&D. the project manager and the programmer/analysts to classify a ll 
faul ts disco\·ered during the testing process and correct the bugs. Deighton has 
procedures v.--hich track each and every faul t di scovered during all phases of 
testi ng. 

Basica ll y. a fault is a perception that the software did no t perfo m1 accord ing to the 
requirements. Fau lts can be (a) bugs (the software did not provide a function that 
,vas part of the requi rements). (b) enhancements (mistaken belief that the software 
should have provided a function and the functi on is NOT in the requi rements. but. 
is desirable). or (c) misconceptions (mistaken belief that the software should have 
pro\·ided a func ti on and the function is NOT in the requirements and is NOT 
desirable). This task requires that De ighton correct a ll identified bugs before the 
software is released . 

T he test plan deve loped in Task Nine. yielded a num ber of fa ults . In tota l. 19 
bugs were d iscovered. documented and corrected prior to the delivery of the 
product. 

Task Elei·en: ll'ri1e a repon presenling !he re.rnlrs (~/'this study and proi·ide to SDDOT 
for rerie,r and comments. 

20 

Deighton concluded this proj ect with the delivery of this fina l report that 
summarizes the resul ts of this study. Following a reviev,· and comment by 
SD DOT. De ighton issued a final version of the report. 
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Chnpter .5. Conclusi0ns and R1ccommcnd□ t ion~ 

5. Conclusions and Recommendations 

At the completion of the project the consultant made the following conclusion_ and 
recomme ndations. 

5.1.1 Decision Tree Development 

Fol lowing the review of the software documentation it is recommended that SD DOT 
commence with the de,·elopment of dec is ion tree theory that will be used to model the 
current programme development process in South Dakota. Any assumptions or 
background used in the development of the theory should be recorded in the 
documentation that accompanies the decision tree summary. 

5.1.2 Further Testing 

The SDDOT decision tree structure should be applied to the SDDOT network fo r testing 
the re liability of the APO. Results of the test program should be used to. not only. debug 
the decision tree setup but. al so to give additional feedback to Deighton regarding the 
functionality of the soft\\·are. 
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Chapter 4. Pro_j.:c l rasks 

5.1.3 A utomatic Prog ramme Development Implementation 

DDOT must de\·e lop an implementation plan that will enable the A PD to be used in the 
development of practical con !ruction projects from the dTIMS optimized construction 
programme. It may be wise. as part of the implementation plan. to check results from 
APO with the programme that \vas produced using current procedures in a previous year. 

5.1.4 Review a nd Revise 

Following the generation of the first automatic programme. SD DOT should review the 
programme deve loped \vi th the intent of eva luating the suitabil ity of us ing decision trees 
as a fo undati on in the construction programme process. 
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Appendix '1' 

Questionnaire Responses and 
Summary 
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Chapter I. Introduction 

1. Introduction 

T his report has been prepared as part of task t\\·o of the research and development project 
that is intended to allow users of dTIMS to combine recommended strategies into viable 
construction projects. Task two specifically inrnlves the in,·estigation and 
recommendation of a set of parameters to be used by dTIMS to control the automatic 
generation o f viable construction projects. 

To accomplish the objectives of Task Two. Deighton proposed the fo llowing: 

• develop a questionnaire which wil l allow various experi enced dTIMS 
user· s to describe the criteri a used to decide on construction projects: 

• get comments from SDDOT on the questionnaire by fax . modit\ it. then 
distribute it to SDDOT as well as other experienced dTlMS"s users; 

• collect the questionnaire and analyze the results: 

• summarize the results in the form of a draft report which suggests a list of 
criteria to be used in the automated procedure: 

• distribute the abo\·e repo11 to the origina l participants: 

• ha,·e a conference call bemeen Deighton and SDDOT Lo d iscuss changes 
to the report: 

• incorporate the comments into a revised report and redistribute: 

• u e the report as the basis for the development of the viable projects 
enhanceme nt. 

This report presents the results of the above proposal and offers recommendations fo r the 
design modifications to dTlMS. 

Throughout thi s report the term "section·· is used to describe a piece o f road ori ginally 
defined to dTl\1S on one record of the DT2699 file. The term ··projt!ct"· is used to 
describe a piece of road that is created by combining one or more consecuti ve sections. 
The tenn .. treatment"· is used rather loose ly to refer to the initial treatment in a strategy. 
ln other words. we use the tenn treatment to refer to a dTI MS strategy. 

dTIM Viable Projects Questionnaire Summa1y by: Deighton As ociates Ltd. 
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Chap1er 2. The Ques1ionnain.· 

2. The Questionnaire 

To sol icit input from a number of existing dTIM users regarding this project. a 
questionnaire was prepared and distributed. The questionnaire explained the project 
objecti ves and ga\'e the recipients directions fo r completing the questionnaire. 

The South Dakota Department of Transportation (SD DOT) participated in the rc,·iev,: of 
the draft questionnaire and provided comments prior to its di stribution. These comments 
,, ere incorporated into the questionnai re. A copy of the fina l questionnaire can be found 
in Appendix A of this report. 

The list of dTIMS agencies that were contacted to participate in this questionnaire 
included the follo,,·ing: 

• The State of outh Dakota DOT. USA 

• The State of Indiana DOT. USA 

• The State of Utah DOT. USA 

• CERT International Pty. Ltd .. Australia 

• Riley Partnership. UK 

• PLB Geotechnical Division. Malaysia 

• ViaGroup Ltd .. S,, itzerland 

• t. Michel Consulting Inc .. Canada 

• PA WC. South Africa 

A total of nine surveys were distributed. Five questionnaires were returned. of which one 
was from SDDOT and one was returned without answering the questions. In the later 
case. the agency said they did not combine smaller sections into larger projects. therefore. 
had no comment on the subject. 

dTIMS Viable Projec1s Ques1ionnaire Summary by: Deighton Associates Ltd. 3 
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Chapter .3. The Respon~.:s 

3. The Responses 

Each of the questions contained in the questionnaire is reproduced belO\\·. Under each 
question the responses are lis ted anonymou ly. A ll responses appear as they were 
received with the excepti on of changes made to obYious typographical errors. The 
interpretation of the responses will be done in the following section of the report. 

3.1 Question 1 a 

IJ'hen de,·e!oping a ,·iahle construction project. do you combine d(/Terent treatment types 
into a single construction project? 

I. Yes 

' Yes. in situations of a long rural segment adjacent to a short urban segment. the 
treatment may vary between the urban and rural segments. especially for 
reconstruction treatments. For rural resurfacing treatments. it is very rare to have 
projects cross over different pavement categories (asphalt vs . concrete). though an 
overlay project may ha\·e a few short segments of mill & O\·erlay within it is not 
uncommon. Urban resurfaci ng treatments do not get combined into one project. 

3. Yes. \,Ve consider viable construction limits by related planned and associated 
activities to inc lude similar pavement construction history. geometrics. sa fety. 
structures. functiona l classification. and po litical impact. ln rural Utah project 
mobilization costs and efforts requires lengthy projects to justify the hot plant set 
up resource requirements. 

-+. I try to avoid combining different treatments into one. as this would hide the true 
nature of the work. Here I would define --project'· as the rehab/reconstruction 
work on a piece of road. In theory. many treatments can be combined. but if we 
stay with project level planning. I suggest keeping the different treatments apart. 
However. some treatments may be and are combined. such as --re-shape and sear· 
or .. mill and overlay ... 

dTIMS Viable Projects Questionnaire Summary b): Deighton Associates Ltd. 
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Chapter 3. The Re pon!>es 

3.2 Question l b 

{(yes. are all treotment 1_1pes eligihlefor comhination into a l'iable pr<?iect and explain 
your criteriafor determining i1-/1ich 1reatmen1s are compleme111a,y? 

6 

36 

I. I would separate hot mix O\'crlays and surface treatments (ST) and maybe replace 
some short ST sections with hotmix to gi\'e a uniform surfaci ng material. I have 
no problem mixing mill & fill with overlay - the resulting surface looks the same 
to the road user. 

J Asphalt treatments are not combined with concrete treatments for resurfacing 
projects. For pa,·ement management purposes. asphalt and concrete treatments 
are not combined into one project. though the timing of the projects might be 
adj usted to coincide with each other. Most asphalt resurfacing treatments are 
el igible for combination into one project. but more often we change all the 
treatments to correspond to the section of predominate length. 

3. Yes. adjacency is more important than treatment type. Spot intermediate 
preparatory treatments are often performed to bring small sections up to the same 
le\'el as the majority of the project length. Major treatment differences are not 
allowed on the same project. 

-l . . o comment. 

dTIMS Viable Projects Questionnaire Summary by: Deighton Associates Ltd. 

Study SD98-05 Final Repon by: Deighton Associates Ltd 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Chapter 3. The Responses 

3.3 Question 1 c 

!(not. do you consider 1reat111ent do,ninancefhr adioining sections that do 110 1 h,ffe the 
same treatmem 1_1pes and explain your particular criteria jhr determining ll'hich 
treatmenls are dominant? 

1. NIA 

'> IA 

3. Y es don1inant treatment by extent. Treat spots as individual treatn1cn1 by 
percentage of project cost and requirements of spec ialized contractor equipment 
and skills. Compatibi lity and constructabi lity of treatment types for inclusion or 
exc lusion. 

4. When combining sections the dominant issue is whether the base/sub-base of the 
existing pavement has to be treated or no t. E.g .. stabili zation. milling. drainage or 
reconstruction are dominant. O\'erlay. spray seal are not. 

dTIM • Viable Projects Questionnaire Summar: b~: Deighton Associates Ltd. 7 
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Chapter 3. The Responses 

3. 4 Question 1 d 

Is there a maximum project length ll"here you irould nor continue ro combine seer ions and 
1rha1 parameters 11·ould you suggest be used to determine the maximum length'! 

8 

38 

1. I \,·ou ld not normally set a maximum length as my links ("roads" in dTIMS) are 

,, 

u ually shorter than the desirable contract size. I am usually adding links together 
to make a \·iable contract. 

Yes. there are physical limitations to the length of a project that can be done by 
any one contractor. varying by treattnent type and geographic location in the state. 
South Dakota recommends that the maximum length parameter be user detined. 

3. Project cost tends to determine length. Minimum length by viable fixed project 
costs such as mobilization. Geographic statewide distribution requires staging 
projects throughout the state. 

4. The maximum project length would depend on the circumstances. such as: 

AYa ilabi lity of treatment (easy - moderate - difficult): e.g .. asphal t may need a 
mobile plant: in this case the min imum job size would be larger. or spray sealing 
is usually easily a\·ailable any,\·hcre. One way to address this issue is to introduce 
·'bulk discount··. i.e. allow a fu ll price and a di scount depending on the quantity. 

E.!.!. .. cost of treatment: <1000 m~ = SI0/111 2

. I000-1 0000m2 = $9.5/m2

. 

- J ) 
> 1 0000m- = $9.0/m-

The underlying issue is the conflict between the condition dri ven treatments and 
practical realities. Another option would be to create t\VO different section li sts: 
one would reflect the uniform conditions. and the other the practical project 
sections. After analyzing the uni form sec tions. the results could be .. transformed·· 
into the project level sections. and these could be optimized again. using the 
treatments for the uniform sections as committed treatments. 
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Chapter 3. The Re~ponse~ 

3.5 Question 2 

{ldT!i\lS does not generclfe a desired trearme /11 in a desired year hecuuse ii does not 
sati.~fy some other c:rileria. should dTJ.\.JS generate the treat111e111 .fc>r consider{Jfion in a 
,·iahle project? 

1. Not sure what this question means but I do need some treatment for bridging gaps 
where dTlM has not recommended a strategy (maybe the road is fine) but I want 
continuity. 

,.., As long as the generated treatment would be eligible for the section· s pavement 
type. It would not be feasible for the concrete pavement grinding project to be 
generated on an asphalt pavement. 

3 . ·o. desired treatment and time is a judgement decision that needs to be \·a lue 
added after the dTIMS model evaluation. dTIMS should a llow for project 
commitment based on indi\·idual preferences and then re-run the model and 
analysis. The dTlMS process is not the entire complete actions within the 
decision making process but it certainly provides the major source of data and 
ana lysis to the process. It should accurately reflect the v,ay the agency makes its 
decisions. refl ects how the agency bel ieves its pavements perform. and the impact 
of various treatment applications. 

4. T his would be nice. but it would require a fairly complex logic. including some 
politica l cons iderations. 

dTIM Viable Pr~jec1s Questionnaire Summa!} by: Deighton Associates Ltd. 
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Chapter 3. The Responses 

3. 6 Question 3 

ls there a time window that is considered practicalfbr the comhining ufsections that 
hare similar treatment t)pes in d(ffere111 years? That is. do you consider mm·ing a 
treat111e111 one. 11rn. three. etc. years.from its optimal date of application! 

10 

-lO 

l. ormally I consider 3 years as a reasonable period for programming and 
s,, itching treatment years . 

' Both a time frame window and a condition range would need to be considered. 
The timing could vary dependent upon treatment type and length of the shorter 
segment. South Dakota recommends that ranges be user defined . 

3. Yes .. but the '"·indo\.\· is dependent on the trcatn1ent being considered. One vear 
fo r seal coats; up to fi ve years for reconstruction and three years for major 
rehabilitati on projects. 

4. This depends again on the nature of the work . An overlay or re-seal can be 
separated by one year easily. Reconstruction could be combined if they are max 2 
years apart. Again. a tick box may give some options on the treatment menu. e.g .. 
··,vhat is the minimum frequency this treatment can be tolerated?'" Th is may a lso 
be different in urban and rural areas. or depending on the AADT. 
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Chapter 3. The Responses 

3. 7 Question 4 

II 71e11 considering a recommended section for comhination imo a ,·iahle pny·ect. do _mu 
examine only cn(jacent sections.for their potential to he included in a ,·iahle pr<~ject? 

1. Normally look for adjacent sections for continuity. 

'J No. some sections may be skipped O\'er due to being a difforent pm·ement type. 
rural vs. urban. etc. Also. geographically adjacent sections on different routes 
( intersect ion arms) may be combined into a , ·iable project. though ouch Dakota 
recognizes the d ifficulty in automating this scenario. and does not expect it to be 
included. 

3. Yes. Adjacency and constructabil ity are key contract project parameters. Simple. 
singu lar project requirements provide better contractor performance and impro,·e 
o , ·eral I pavement performance. 

4. Combination of treatment over 2-3 km length would probably defy the purpose of 
the PMS optimization - but this would depend on the local conditions. Some 
aspects of combin ing projects: 

• economics: distance from plant / supplier: bulk discount. lane occupancy costs 
• technical: ,,·ould the pre,·iously completed work be damaged (drainage. heavy 

, ·ehicle traffic. detour): presence of intersections ( in many cases. intersections 
are considered as a separate section) 

• politics: \,\·hat is tol erable for the public (this may mean a compulsory internal 
ranking of the network) 

dTIMS Viable Projects Questionnaire ummary by: Deighton As ociates Ltd. 11 
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Chapter 3. The Response~ 

3. 8 Question 4a 

({not. i1·ha1 location criteria do _mu use? 

I. NIA 

1 tulti-sectioned non-adjacent projects are usually limited by Regional Office 
jurisdiction and by geographic proximity. The range of a multi-sectioned project 
Yaries by treatment type. 

3. J\O response required. 

4. No comment. 

3. 9 Question 4b 

Is there a maxinwm pN~ject length irhere you 11·011/d not combine <.ll(jacent sections"! 

12 

42 

1. No maximum length. 

7 Yes. there is both a physical and a pol itical limit to the length any one project can 
he. This would \Hry by treatment type. South Dakota recommends that this 
maximum length be user definable. 

3. Yes. project cost limited by treatment type. Seal coats ha\'e longer project lengths 
while reconstruction projects are of limited project length. 

4. No comment. 
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Chapter 3. The Responses 

3.10 Question 5 

Do you consider economics il'hen de,·e/oping i·iahle prvjecrs! Thar is. ore h1ulgers 
required ro he mainrained when treated sections are sh!f1ed.fi'om year IO year? 

I. Yes - use \Vcighted NPV or N PY /cost to decide on programme year for aggregated 
sections. 

.., If costs are going to be added up. and the timing of a project is not to be re­
optimized. the maximum allowable budget fo r each year should not be allo\,·ed to 
exceed a user definable percentage of the maximum allo\vable. If tht: timing of a 
project is to be re-optimized after project sections are combined. the maximum 
allowable budget should be maintained. 

3. Yes. a\·ailable funds are geographical ly distributed. They are also distributed by 
treatment type and effort required. There are ranges of resource allocations by 
geographic region. 

4. Yes. 

dT IMS Viable Projects Questionnaire Summary b~ : Deighton Associates Ltd. 13 
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Chapter 3. The Responses 

3.11 Question 6 

Are commilled s1ra1egies eligihle 10 be mo,·ed 10 crea/e a viable cons1ruc1ion projec1? 

14 

4-1 

1. Not usually as these are al ready contracted. 

No. committed strategies are fixed. It is not pavement manageent"s responsibility 
to a lter a project after a project is programmed into the 5 yr. STIP. 

3. Yes. based on the project scoping results and re\'iev,·. The present pa\·ement 
condition and predicted perfom1ance prior to treatment application is considered 
on a project by project basis by the project design team. This allov,;s for project 
deta ils and site specific conditions to be considered that could not be modeled nor 
noted within the system level modeling process. ldentified projects can be ei ther 
lengthened or shortened based on the information and financ ia l constraints 
imposed on the project. Project available funding also impacts the length of 
projects and this can cause the splitting of similar treatments. 

4. Yes. 
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Chapter 3. l he Responses 

3.12 Question 7 

When combining section., lo create a ,·iable construction pr<?iect cm! costs simply added 
ur do you consider cost sa,·ings? What method o_f'cost sarings calc11/ation \1'Cm/dyo11 
.rn[!~est? 

1. Cost savings due to scale of project normally al lowed for at section leYel as I 
knovv that the sections are going to be combined later to form larger contracts. 

2. Because all of our costs are a per mile average. costs are simply added together. 
South Dakota does realize that there are certain per mile costs which would be 
reduced by having a longer project (mobi lization & traffic control). 

3. Cost Savings. minimum effective length for fixed project costs. mobi li zation in 
remote rural areas. costs of acquiring and transporting equipment and materials. 
Anticipated contractor project sayings is the method for combining or splitting 
projects. 

4. Cost saYing comes from bulk discount. reduced management costs and lower 
ancillary cost. such as lane occupancy costs. impro\·ed safety. I would suggest a 
bulk discount cost as described before. 

dTIMS Viable Projects Questionna ire Summary by: Deighron Associate Ltd. 15 
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Chapter 3. The Responses 

3.13 Question 8 

Is it all rightf<H dTJ.\f) 10 place the re.mils vfthe r iahle prcy·ecl generation into one <?I' 
the,lh·e exis1ing scenarios? (( not. hm,· 1ro11ldyo11 s11gges1 tho! !his happen? 

16 

46 

I . Sorry. don't understand the question. 

1 It would be OK for dT IMS to do this . Currently South Dakota does not use ail 
fi \'e a \·ai lab le scenarios. 

3. Yes. allow for integration in the same way as other model selected treatments. 

-+. I think that viable projects should be either fl agged only. o r this should be a 
separate or third run a fter generating strategies a nd optimization. This \:vay the 
committed projects can be considered. T he flag option would a llow a 
presentation on dMAP. 

dTIMS Viable Projects Questionnaire Summa'} by: Deighton Associates Ltd. 

Study SD98-05 Final Report by: Deighton Assoc iates Ltd 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



• 

-
• 

• 

• 

I 

I 
I 
I 
I 
I 

Chapter 3. The Respon~e, 

3.14 Question 9 

Do you helien! dT!.\IS ,hould u/1011 · 1he mer ro .,er di//ere11r crireri"J<ir 111i11i111u111 and 
maximum lengrh rfpr<~iec:tsfor thefol/m1·i11g? Please check the ones that opp/_,· am/ acid 

other.\ that you feel shoulcl be listed 
- Trew111e11t Type 
- Anal_nis Se, 
- Budget Scenario 

1. User should specify minimum length or project and maximum gap to be tilled i.e • 
put in a treatment for continuity eYen though no 1:conomic treatment is gi\ en 
during the programme period. These parameters could he for different treatment 
groups e.g. ea!. O\·erla). reconstruction. \\ idening. 

Treatment T~pe. Crban \'S. Rural. 

3. Treatment Type - yes: Anal)sis Set - yes: Budget cenario - )CS. ·o additional 

others. 

4. Sugge ted .. window .. or .. bo:<"· items: 
- minimum practical kngth of the treatment 
- acc1:ptablc min time span bet\veen treatments on a<lj:.icent road sect ion. 

- bulk di count 
- mutual!~ excluding treatments (surface treatments as opposed to 

.. deep .. or intrusi\e treatments) 

dTIM • Viable Project Questionnaire ummar: b~ : Oeig.hton .-\ ~ociates Ltd. 
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Chapter -1. Summation of Responses 

4.2 Question 1 b 

{{yes. are all rreatment f)pes eligible.for combination into a viable prvjecr and explain 
your criteria_(<)r determining which 1rea1menls are complementa,y! 

This question tries to get at whether or not there are any restrictions in combining 
sections with different treatments together into one project. The responses 
indicate that there are restrictions. In fact. the response: .. Major treatment 
differences are not allovved in the same project.·· captures the general feeling of 
the respondents. 

The question becomes: --How· do we identify major treatments that cannot be 
mixed?"" Or. put another vvay: ··How do we identify treatments that can be mixed 
in a project (t.e .. are complimentary)?" 

4.3 Question 1 c 

{(not.do you consider treat men! dominance_(<Jr al(joining sections that do no! have the 
same treatment !Jpes and explain your particular crileriafor delermining 1-1·hich 
treatments are dominant! 

20 

50 

This question tri es to clarify whether there is a treatment that would dominate the 
project. In other words. \-vhen combining adjacent sections with different 
treatments will dTIMS substitute a treatment fo r one of the sections with a 
dominant treatment. Although this and the pre\'ious question vvere presented as if 
they \11:ere mutually exclusi\'e. the responses seem to ind icate that indeed there is 
some kind of dominance being considered. 

It seem s as though there are cases where a certain treatment would be ··switched .. 
in certain circumstances. For example a response from the previous question 
indicated that the programmer would --replace some short ST [surface treatmentJ 
sections with hotmix to give a uniform surfacing material.·· Once again. the 
question becomes: --How do we identify a · short' section with a less dominant 
treatment?"" 
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Chapter -1 . Summation or Responses 

4.4 Question 1 d 

ls there a maximum project length 11·here you ,rnuld not cominue to combine sections and 
,,·hat parameters ,rnuldyou s11xxest be used to determine the mcLYim11111 lengrh? 

This question ponders whether or not we keep combining adjacent sections 
together if all other constraints are met. If we answer yes to this question. in 
theory at least. we could end up "vith a single project for each road. (dTlMS 
identifies a road as all sections with the same road name in the DT2699 file.) 

The overwhelming response is that there is a maximum length. I lowe\·er. the 
maximum length is not just a single number for the entire network. It seems to be 
related to things like: (a) treatment type. (b) urban vs. rural. and (c) some 
geographic considerations. 

One obvious question that arises is: ·'If we are allowed to mix treatment types in a 
project. then how can '"''e specify maximum length by treatment type?"" Or. from a 
logic point of \'iew. --1f treatments are allowed to be mixed in a single project. and 
if maximum length is given by treatment type. then. what happens if the 
maximum length is different for compatible treatments?" 

dTIMS Viable Projects Questionnaire Summa~ by: Deighton Associates L td. 21 
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Chapter ➔ . ummation of Respon:,cs 

4.5 Question 2 

(/"dTIJJS does not generate a desired treatment in a desired year hecause it does not 
sat is(}· some other criteria. should dTl,\IS generate the treatment.fiJr considerntion in a 
,·iahle prc~ject'! 

52 

This question adds an addit iona l level of logic to the previous questions. This 
qucstion·s main idea is to ascertain whether or no t dTl\1S should automatically 
generate a treatment in the case where adjacent sections would otherwise be 
joined. but the two treatments are not compati ble. The question presupposes that 
the only treatments dTIMS can use are those in the strategy list. and that the 
strategy list is a lready exhaustive. Therefore. if a treatment is desired fo r project 
development should dTIMS generate a strategy that invo lves this as the in itial 
treatment? 

The responses indicate a definite desire for this feature. although they admit that 
capturing the logic to automate this wou ld be \·ery diJ1icu lt. Perhaps we should 
answer the fo llowing question first: ··Should dTIMS automatically generate a 
strategy and add it to the list. or. should it have a mechanism for the user to 
manually ·commit" an addi tional strategy and have dTlMS add this to the list?"" In 
the manual case. the user would consider al I of the add itional crite ria. including 
political considerations. i1wolvcd in the dec is ion to override the tri ggers. In e ither 
case. it \\ Ould seem consistent {o r dTIMS to generate the strategy using its norma l 
analysis process so the costs and benefi t calculations ,,otild be consistent for all 
strategie 
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Chapter ➔. Summation of Rcsponsc 

4. 6 Question 3 

Is there a time 1rindmr thlll is considered practical.for the cvmhining <?f"seuiom thal 
ha,·e similar treatmem 1ypes in d(tferem years? That is. do you consider 1110,·ing a 
treatment one. nro. lhree. elc. years.from its optimal date lfapplicutiun? 

This question is similar to the previous one in that it gets to the issue of dTIMS 
automatically generating additional strategies. In this case. ho,\·ever. the question 
tries to simplify the logic by haYing dTIMS create the additional strategy simply 
by moving the initial treatment of an existing strategy by a certain number of 
years. 

As in most of the other responses. however. it is des irable but it" s not that s imple. 
There seems to be a need to consider other things than just the year of application. 
The decision depends on: (a) the nature of the treatment and (b) the condition. 
This raises the fo llowing question: ··Should dTlvtS ha\'e another set o f triggers for 
each treatment that are used in deciding how and wh~n to generate an additional 
treatment?" 
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Chapter -l . ummation of Responses 

4. 7 Question 4 

When considering a recommended section.for combinarion imo a ,·iable project. do you 
examine only adjacent sections for their potential to be included in a riable prc4ec1? 

24 

54 

This question tries to gather information about skipping sections in an otherwise 
viable project. From a logic point of view. it is extremely desirable to make 
decis ions about including a section in a project as one travels along the road in the 
direction of travel. That is. whenever a •different' section is encountered along 
the direction of travel. a new project is initiated. kipping sections implies an 
a bility to make the decision while travelling ahead and back. In the extreme, this 
could create an endless loop of analysis. 

The responses seem to acknowledge the difficulty of skipping over certain 
sections. It does appear. however. that iflogic can be worked out it would be a 
nice rcature to ha\'e. Cases cited in the responses invo lve a small section of 
different pavement type or different cross section included in the middle of an 
othenvise homogeneous project. 

Once again we must answer the question of: ··How do we consistently and 
unambiguously identify ·small" and •different· sections within a project so we can 
skip O\'Cr them: ·· 

dTIMS Viable Projects Questionnaire Summary by: Deighton Associates Ltd. 

Study SD98-05 Final Repon by: Deighton Associates Ltd 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

Chapter 4. Summation or Responses 

4. 8 Question 4a 

ff not. irhat Joccaion criteria do you use'! 

This question tried to capture an idea of the ·skipping· logic. Since the 
respondents didn"t specifically require skipping. few responses were given. In 
this case therefore. we could simply ask the question: ··Should dTIMS allow the 
user to manually create viable projects which ·skip· over certain sections?"" 

It seems as though this question is similar to an earlier question about mixing 
treatments. ln this case. however. the ·skipped· section would ha\'e the ·do­
nothing· strategy selected. 

4.9 Question 4b 

Is there a maximum project length irhere you 1rnuld not combine al{jacent sections'! 

This question was not as clear as it should have been. Since we already asked the 
question about maximum lengths. the intent of this question was to determine 
whether there indeed was a maximum length of a skipped section. Poor wording 
or not. s ince there does not appear to be any reducible logic fo r automatically 
skipping sections. the question is irrelevant anyway. 
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Chapter -l . ummation of Response!> 

4.10 Question 5 

Do you consider economics ll'hen de,·eloping viable projects? That is. are budgets 
required to he mai111ained ,1·hen treated sections ure sh{(tedfrom .1·ear to y ear? 

26 

56 

This is an age-old question. It asks: --oo we shift around treatments and years 
w ithout regard to over-running the budget?"" The responses all indicated that there 
has to be budget considerations. 

This opens up a very di fficult area . The question was asked in the hope that 
eYeryone would agree that we could do it v:ithout regard to budgets: which is by 
far the eas iest way. If we have to include budgets wc probably need some son of 
re-optimization. But. to re-optimize we need a list o f choices for each project just 
as the initial optimization needed a list of strategies for each section from which 
to choose. 
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Chapter -1 . Summation of Responses 

4.11 Question 6 

Are commilfed strategies eligible to be moi·ed 10 create o Yiahle constrncrion projecr? 

This question was asked because \Ve needed \·erification that committed strategies 
are exactly that. committed. It ,;,,,as hoped that the response: "T\o. committed 
strategies are fixed:· would be universal. 

S ince the responses were split. it would seem that e ither: (a) some users regard 
committed strategies as something d ifferent than their original intent in dTIMS. or 
(b) the respondents unde rstood the tem1 ·committed strategy" to be something 
other than the literal definition in dTIMS. dTIMS defines ·committed strategy" 
as : ··the only strategy in the list for a committed section ... 

We prefer the later explanation for the yes responses. However. it may be 
possible to include a fl ag specifying whether committed strategies can be moved 

from year to year. 
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Chapter -1 . Summation of Respons~s 

4.12 Question 7 

When combining sections to create a viable construction projecr ore costs simpfl' added 
or do you consider cost sm·ings? Whal method of cos! saring.,· calculwivn would you 
s11gges1? 

58 

This question wanted to get at the heart of considering ·bulk discounting' when 
combining sections. The responses all agree that some fonn of bulk discounts are 
realized. However. there is a split in how· bulk discounts should be 
accommodated. In some cases. the user accounted for them before hand by 
presuppos ing the bulk discount when supplying the initial treatment costs. In 
other cases. the users wanted dTIMS to calculate a bulk discount after the project 
length ,-vas detenni ned. 
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Chapter 4. Summation or R.:sponse 

4.13 Question 8 

ls it all right.for dT/,\IS to place the resulrs ofthe l'iah/e prqject generotio11 into one l?{ 
the.fi,·e existini scenarios! ff not. ho11· 1\'011/dyou suggest that this happen:) 

This quest ion wanted \'erification of an initial thought as to how dTIMS could 
accommodate this project creation function. \Ve thought that dTIMS could 
analyze the selected strategies in one budget scenario and put the changed { or not) 
strategy in a second scenario. we would not have to do a major rebui ld of dTIMS. 
It seems as though the responses indicate that this approach \\OUld not ha\'e an 
adverse effect. 

dTIMS Viable Projects Questionnaire Summary by: Deighton A ssociates Ltd. 

Study S098-05 Final Report by: Deighton Associates Ltd. 59 



Chapter -t. ummation of Respon~es 

4.14 Question 9 

Do rou belie,·e dT/,\ f) should allmr the user to set differem criteria -for minimum and . . . . 
maximum len~th o(projeclsfor the.fbl!owin~? Please check the ones that app~i· and add 
others that you feel should be listed 

30 

60 

This question ,vanted to get an idea of what criteria are important ,vhen specifying 
minimum and maximum lengths. The responses all agree on treatment type (or 
some grouping of treatments) as desirable criteria. They also indicate. however. 
that there are other criteria also as important. Since not all of the criteria are • base 
data items· in dTlMS. we will need a mechanism to accommodate listing criteria 
using other discemable data values. 
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Chapter 4. Summation of Rt:~pon!:.es 

4.15 Question 10 

{(you hm·e any aclditiona! c:omments or descriptions <?(the mc1111w! procedures used 
curre111!y to de,·e!op ,·iahle construction pn~jects. please spec((}· the criteria helmr. 

The responses to this question ,,,;ere useful. One particul ar response \Vas thought 
provoking: --The treatment for the conso lidated section should correspond to the 
individual section having the most length. The year of the treatment for the 
consolidated section should be no sooner than the earliest individual section. and 
within 3 years of the section with the predominate length:· 

This statement seemed to wrap the entire thought of how thi s cou ld work into one 
coherent idea. The question remaining is : --How can we get a set of parameters 
together that could be translated into thi s statement?" The ans,,·cr to this question 
is the topic of the next chapter. 
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Chapta 5. Rccommem.lat ion, 

5. Conclusions 

The results of the sunc~ \\ere not all that surprising. \\·e kne\, the task at hand ,,a: 
going to be complicated. The questionnaire re ponsc~ confirmed j ust that. Although \\e 
nc, er asked direct!) for any secretes that might ma~c the job easier. none came. 
Therefore. \\"C looked at the problem from sc, era! different angles and ha\'e de, eloped an 
approach. Which. in the absence of an) thing better. is a little complicated. but. it" ill 
,,ork. Therefore. ,,e recommend adopting this approach we call --Automatic Programme 
Oe,·elopment ... (. OT!:: dTLVI u es the term ·programme· to refer to a construction 
programme as opposed to a computer program.) 

5.1 Discussion of Require1nents" 

The SUI"\ C) results indicated that dTIM must have the fol lo,, ing capabi litit:s in its 

Programme De,elopmcnt module: 

·ection data 

dTI \it ,, i 11 assume that the user \\ i 11 pro\'ide both the road name and the from 
and to ofL ct infom1ation in the DT'.!699 fik for this function to operate. As 
"ell. the user must pro, i<le an --Other .. data lield in the DT'.!699 file where 
dTI ·1 ,, i 11 put a unique project idcnti tier. 

Treatment compatibility 

dTIM • mu t ha\'c the capabilit~ of allo,, ing different treatments to exist in the 
same pro_jt:ct: as long as the treatments art: ·compatible· as defined by the user. 

Treatment ub. titution 

dTl\'1 mu t ha,·e the capability to substitute a section·s treatment \\ith 
another treatment from the section ·s list of strategies to make thc section 
compatible in the project. The user \\"ill define the criteria for treatment 

substitution. 

Treatment adjustment 

dl lM must ha\'c the capabi lity to mo,·c a ~cction·s treatment ahead or back 
in time. The critcria for mo,·ing a treatment \\ill be dclined by the user 

dTI 1S Viable Projects Que tionnairc ummary b~ : Deighton Associates Ltd. 33 

b}': Deighton Associates Ltd. 63 
Stud) SD98-05 Final Rl!pon 

v:: . l.Jt:1grnon /\SSOClah,!S Ltd. 65 I 



36 

I 66 

Chapter 5. Recommendations 

DRP descriptions: 
(not shown) This line shows tht' dt>scription of each data reference point 
(DRP) on the road. You define these descriptions in the FOE CFROM 
and FDESCTO lields in the inventory file. You can suppress this part by 
unchecking the Show DRP descriptions control (see below.) 

Strip map: 
This part is a thick black line with cross hatches at each DRP along the 
road. If the road does not have elements for its entire span. dTlMS 
displays these as a dotted line in this part. 

DRP Addresses: 
This part shows the offset for each DRP. You define these offsets in the 
FOFFFROM and FOFFTO fields in the inventory file. 

DataField values: 
This part shov;s the data of interest on the strip map. There are three line 
diagrams in this part. Each line shows a specific set of data as follov.:s: 

First Line: 
Shows the elements from the inventory file and displays data describing 
the first treatment of the selected strategy as assigned by optimization for 
the budget scenario you selected when you entered this function. You 
cannot change these selected strategics in this function: they are displayed 
for your infom1ation only so you can compare ·what the optimization 
function selected for these elements. The label on top of these elements is 
the element ID from the FSECTIOJ\ fie ld of the inventory file. The labels 
on the left hand side of this line are: 

XXXXXXXXXX->: 
The name of the budget scenario you selected when you first entered this 
function. This is shovrn in the above figure as "High Funding->". 

First Treatment Type: 
The name of the first treatment of the selected strategy in this budget 
scenario. 

First Treatment Y car: 
The year of the first treatment of the selected strategy in this budget 
scenario. 
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Chapter 5. Recommendation\ 

Fir ·t Treatment Cost (yy): 
The cost of the first treatment of the selected strategy in this budget 
scenario. The cost units are shown as (Y) ). 

Present Value Benefits: 
The present value benefits of the selected strategy in this budget scenario. 

Second Line: 
Shows the elements from the inventory file and displays the first treatment 
of the selected strategy for the fifth budget scenari o in the current analysis 
set. The selected strategies in the fifth budget scenario are the ones used to 
form the programme project. You can e lect one of these elements by 
clicking on it and use the control buttons on the strip map to change these 
selected strategy so you can de\·elop your programme projects. The label 
on top of these elements is the element JD from the F ECTIO field of 
the inventory file. The labels on the left hand side of this line are: 

XXXXXXXXXX.->: 
The name of the fifth budget scenario in the analysis set you selected when 
you first entered this function. This is shown in the above figure as "No 
Funding->". 

First Treatment Type: 
The name of the first treatment of the selected strategy in this budget 
scenario. 

First Treatment Year: 
The year of the first treatment of the selected tratcgy in this budget 
scenario. 

First Treatment Cost (yy): 
The co t of the first treatment of the selected strategy in this budget 
scenario. The cost units are shown as ()y). 

Present Value Benefits: 
The present value benefits of the selected strategy in this budget scenario. 

Third Line: 
Shows the programme projects and displays some informa tion 
summarizing the treatments from the elements that make up the project. 
The label on top of these elements is the project ID from the 
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Chapter:. Recommendations 

PROGPROJID fi eld of the inventory fik . The labels on the left hand side 
of this line are: 

PROGRAM PROJECT->: 

Year: 

A label. 

The year of the programme project. dTIMS defaults this to the year of fi rst 
treatment of the first element in the project. Since the idea of programme 
projects is to group together elements for programming purposes. dTIMS 
assumes that the first treatment for all elements in the project wil l be the 
same. therefore. it defaults the year to the fi rst element. It is up to you to 
ensure this is so when you manually adjust the strategies for the elements 
in the project. 

Total Cost (yy): 
The sum of the costs of all the first treatments from all the elements in the 
project. The cost units are shov-:n as (yy}. 

Total Benefit: 
The sum of the Present Value Benefits of all selected strategies from all 
elements in the project. 

Total Length (zz): 
The sum of the h!ngths of all elements in the project. This does not 
include the length of miss ing pieces (dotted lines) along the road. The 
length units are shown as (zz). 

The top part of the strip map has a number of different controls \.vhich allow you to 
mani pulate the strip map and the program projects. The top part looks li ke this: 

Element lo display stnp map for Scale lo use Copy to c,pboard 1;>·' :: ; .,, -

j 16 
,-------.------1 Ct.rrent Element ..:J I Fil Road ..:J I J)_F-fr"e.Eti:?~(iIP)~j~p) ,-;: L-c:·,: Ii None] 

r Show DRP descriptions Font size: + j - I I points Print... Anange Wrndow; 

Figure 2: The Strip Map Controls 

These controls are as fo llO\vs: 

Element to display strip map for: 
Select the road element you want the strip map displayed for. dTIMS 
compiles this li st of road names by scanning the inventory fil e and 
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Chapter 5. Recommendations 

selecting all unique names from the FNAME field. When you se lect an 
clement in this control. dTJMS redraws the strip map. 

Scale to use: 

Show: 

You have a choice of three scales to display the strip map for. When you 
change the scale. dTIMS redraws the strip map. 

Fit Road: 
Select this to cause dTIMS to force the entire length of the road 
e lement into the window. 

By Length: 
Select this to cause dTIMS to fo rce a certain length of the road 
element into the window. When you select this. dTIMS asks you 
for the length yo u \.vish to Show. 

By DRP: 
Select this to cause dTl'.\1S to force a certain number of DRPs on 
the road element into the \vindow. When you select this. dTIMS 
asks you for the number of DRPs you w ish to Show. 

This is where you specify the length. o r the number of DRPs you want 
dTIMS to fit into the cun-ent window size. 

Show DRP descriptions: 
Check this box to ha,·e dTIMS show descriptions for each DRP. dTIMS 
V\Tites these descriptions vertically abo\'e the DRP's location. To do thi s 
dTI.vtS must rotate the font. When you uncheck th is contro l. dTIMS 
suppresses the DRP descriptions. This wi ll save an incredible amount of 
screen space to help you display strip maps in lower resolution. 

Font s ize: 
Use the+ and - buttons to increase and decrease the size of the font 
dTrMS uses to place information on the strip map. 

Copy to clipboard button: 
Press this button to send a copy of the strip map to the clipboard. dTIMS 
wi 11 redraw the strip map to the clipboard. You can then paste this 
drawing as a bitmap into any document. 

dTIMS Viable Projects Questionnaire Summary by: Deighton Associates Ltd. 39 

Study SD98-05 Finni Report by: Deighton Associates Ltd. 69 



-10 

70 

Chaprer 5. Recommendat ions 

Refresh Strip Map button: 
Press this button to refresh the data on the strip map. dTIMS v,ill redraw 
the strip map with the latest information from all the source fil es. You use 
this button after you select another strategy for one of the elements in on 
the strip map. 

Print button: 
Press this button to produce a print out of the current strip map. dTIM S 
redraws the strip map to the printer object. Therefore. you must make sure 
that your printer can accept graphic characters and is capable of rotating 
fonts. 

View See's Data button: 
Press thi s button to see the Inventory Data Window and the Strategy List 
Window for the current element. This butron is enabled when you select a 
C urrent element (see Current Element below). When you press this button 
dTIMS opens the Inventory Data Window (if it is not already opened) and 
opens the Strategy List Window (if it is not already opened). dTIMS finds 
the record in the Inventory Data Window for the current element and sets 
Strategy List Window to this element for the fifth budget scenario. You 
can change the selected strategy for the current element on the Strategy 
List Window. 

Arrange Windows button: 
Press this button to conveniently arrange the windows for better viewing 
of the data. When you press this button dTlMS max imizes itself and 
disp lays the strip map across the top half of the available space. dTIMS 
then puts the Inventory Data Window on the left half of the avai lable space 
belO\v and the Strategy List Window on the right half. Th is arrangement 
\'\'orks best on computers with high resolution. 

Current Element: 
Shows the element ID for the currently selected element. You select an 
element by placing the mouse cursor on top of the element's line (shown in 
the fifth budget scenario's part) and clicking. dTIMS highlights the 
selected element's line in red. 

Change Project button: 
Press this button to change the programme project for the current element. 
This button is enabled when you select a Current element. When you 
press this button dTIMS displays the Change Project Window. This 
\vindow looks like this: 
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Chapter 5. Recommendations 

Previous Project Id Current/New Project Id 

]16c 

Make new project 

Fig ure 3: The C hange Project Window of the Strip Map 

Next Project Id 

Join with next 

The Change Project Window has the following components: 

Previous Project Id: 

Cancel 

ShO\\·s the project id for the programme project that the clement to the 
immediate left of the current element belongs. The project Id is the \·alue 
found in the PROGPROJID field of the Inventory File. 

Current/New Project Id: 
Shows the project id for the programme project that the currem element 
belongs. The project Id is the value found in the PROGPROJID field of 
the lnventOI)' File. If you want to make the current element belong to a 
new project you put the new project's Id in this field. 

Next Project Id: 
Sho\vs the project id for the programme project that the element to the 
immediate right of the current element belongs. The project Id is the value 
found in the PROGPROJID tie Id of the 111\·entory File. 

Join with previous button: 
dTIMS enables this bunon only when the PreYious Project Id is different 
than the Cu1Tent/New Project Id. When you press this button dTIMS 
removes the current element from the current project and adds it to the 
previous project. dTIMS does this by changing the value in the 
PROGPROJID field of the Inventory File for the current element to the 
Yalue shown in the Previous Project Id control. 

Make new project button: 
dTIMS enables this button only when the Previous Project Id is different 
than the Next Project Jd . When you press this button dTIMS removes the 
current element from the current project and adds it to a new project. 
Before you press thi s button you must enter a project Id for the ne\v project 
in the Current/Next Project Id Field . 

. Join with next button: 
dTIMS enables this button only \Vhen the Next Project Id is different than 
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the Current ·ew Project Id. v.:hen you press this button dTI\1S remon:-s 
the current element from the current project and adds it to the next project. 
dTIMS does th is bv chami.inu the value in the PROG PROJ ID field of th~ ., ~ ~ 

Inventory File for the current element to the value shown in the Next 
Project ld control. 

Cancel Button: 
Press this button to remove the Change Project \:Vindow. 

5.2.2 Automatic Project Development 

dTIMS will also have a function which automatically generates a ·first-cut" set of 
projects. This function wi 11 autornatical ly go through an existing budget scenario and. to 
the extent possible. will do an analysis to determine the projects. 

The basic idea of this function will be to work on one treatment t~ peat a time. dTIMS will process 
treatments in an order set by the user in a Treatment Precedence Table. 

Figure -l shows a flov,:chan of how this process will work. Basical ly. dTIMS will find the 
first section\\ ith the highest precedence treatment on it. Then. dTlMS will start a new 
project. which includes only that section. ext. dTI 1S will check to see if there is a 
·next" section. (The term ·next" refers to increasing offsets and ·previous· refers to 
decreasing offset.) dTIMS wi ll keep processing next sections until there are no more. 
Then. dTIMS \Vi ii check the ·previous· section and wi ll keep processing until there are no 
more previous. 

\\' ith the general logic or the project development function in place. the only thing 
remaining is to determine hov,, dTIMS wi ll answer each of the questions in the flowchart. 
Questions are denoted as diamond boxes in the flowchart. The questions that the user 
must help <lTIMS answer are highlighted in the flowchart. 

To help dTIMS answer the questions. \NC propose the user wi ll define a decision tree. In 
al I. dTIM S wi II have a total of six decision trees: one for each high I ighted question 
diamond. The questions are: 

72 

Will the maximum project length be exceeded? 

Is the new section compatib le with the project? 

Can this section be included in the project by being ·skipped' over? 

Is the treatment on the section compatible\\ ith the project? 

Can the treatment on the section be switched? 

Can the )ear of application of the treatment be switched? 
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Chapter 5. Recorn,rn:ndations 

These decision trees are described in the next scc.: ti on of this repo11. 
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\1./ill max. length be e:-:ceeded~' 

- Urban 

-=.. Asphalt 
.::. Overlay 

~ Length <= 10 

ml 
-=.. 0 therv,1Ise 

'(es 

.::; Reconstruction 
Length <= 5 

-=- Othe1 

::- Rural 

Length <= 20 
Conc1ete 

Other 

.il.sphalt 

Is the section compatible? 
Urban 
Rural 

Can sec be 'skipped' ,:,ver '.' 

Is t1eatment compatible? 
Can treatment sv111tched? 
Can year of lleatrnent be switched? 

Figure 5: Example of a decision tree 

5.2.4 Branch Condition Table 

We propose that the user set up a Branch Condition Table for each data field needed to be 
use in the anal:sis. The Branch Condition Table consists of a unique name and either one 
column for character fie lds or two columns for numeric fie lds. The column for a 
character field contains a list of values the user wants dTIMS lo treat as similar. The two 
columns for a numeric fie ld will define the minimum and maximum \·alues for a range. 

For example. the Branch Condition Table for the ·Asphalt' example would be dedicated 
to the pavement type fie ld called ··p _ TYPE"' and would have four rows: ( I ) THK. (2) FD. 
(3) Ton\,V and (4) TonS. 
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Chapter 5. Recommendation~ 

5.2.5 Treatment Precedence Table 

The idea behind the Treatment Precedence Table is to ha\ e the u er define the order that 
treatments are to be processed. This is similar to defining dominant treatments for a 
project. dTIMS \viii make the first project with the highest treatment in this tahle. As 
dTIMS moves fo rward and backwards along the road. it will look for sections \\"ith either 
the same treatment or a compatible treatment to add to the project. 
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Appendi., A 

Appendix A: The Questionnaire 
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December 3. 1997 

Att en ti o n : 

Re: 

Dear 

Pav e ment Mana g ement Segment Co ns o l idation in dTI M S 
Res earch Proj ect 

De igh ton Associates· resea rc h and deve lopment team is embarking on the 
development of an enhancemen t to dT I\1S that will e nab le users to 
combine o ptim ized s trateg ies. base d on certain c rit e ri a. to develop a 
··\·iable·· construction programme. 

T he p rob lem. as desc ri bed by Deigh to n users, whic h leads to th is re sea rch 
and deve lopment proj e c t is as fo ll ows: 

dTIMS is used to anafy=e life -cycle costs fo r ,•a ,-;011.s rehahi!i tation 
s trategies 011 each segment of road H'ithin a ne 111·ork. To use dT/1\IS. 
an agency 11111st di,·ide its ne111·ork into homogeneous segmen ts . 
Homogeneous m eans that the source data descrihing 1he u11rib111es 
<~/'a segm e111 are the sam e thro ughout the segmen t ·s entire length. 
Cn.fortunately. dTI .\ IS makes the optimal strategy selection fo r each 
segm ent independent oft he segment ·s lo cell ion. lengt Ii or adjacent 
segmenl s ta tus. 

For in s tance. dT!i\lS might recommend a particular repair s trategy 
for one segm enl . a d(lferent s trategy for the next and a 1hird 
s1rategy fo r the next. 8111 ea ch of these segmen ts may not he of 
s i g n (fi can t I e n gt h t o he a s t a 11 d a Io n e pr oj e c I or it m i g h I he 111 ore 
cost effectir e 10 do one project a t one time instead of spreading 
p rojects o ,•e r more years. To combine t hese segmen ts r equires stc~ff 
to manually combine segm en1s and propose comple mentary 
s t rafegies so that riahle co ns1r11ct io11 projects ca n he proposed. 
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Questions 

1 a. Whe n d e ve lo pin g a v iab le co n s truc ti o n proj e ct. do yo u combine 
d iffe rent treatme nt types into a s in g le cons truc t io n proj ect ? 

I b . If yes . a r e a ll t reatm e n t t y pes e lig ib le for combina ti o n into a v ia ble 
proj ec t a nd ex pl a in yo u r c rit e ri a for d e te rminin g w hi c h treatm e nt s are 
co mpl e m entary? 

I c. If no t. do yo u co n s ide r treatme nt d o min a nce fo r adjo ining sec ti o n s 
th a t d o no t hav e th e sa m e trea tm e nt ty pes a nd ex pl a in yo ur parti c ular 
c rit e ri a for d e te rmining which treatme nts a re d o min a nt ? 

4 
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Id. Is there a maximum project length where you \\·ould no t con tinue w 
combi ne sect ion s and ,,·hat pa rame te rs \\Ould you sugges t be used 10 

determine th1.: maximum length ? 

..., If dTIMS does no t genera te a desired treatment in a de ired year 
because it does not sa ti sfy so me other criteria. s hould dTl\l generate the 
treatment for considera ti o n in a Yiable project ? 

3 . Is th ere a tin1c \vindO\\" that is con sidered practi ca l ror the co111bining of 
sec ti o ns that have s imil a r trea tment types in different years? That is . do 
you cons ider mo\'ing a treatme nt o ne. t,,·o. three. e tc. )t:ar. from it s 
o ptimal date of appl icat ion? 
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The collection of all selected strategies is called the construction 
programme. You can change the construction programme by changing 
the selected strategy in the Strategy List window. 

Developing a Construction 
Programme 
Once dTIMS has generated a strategy list for each element, the next 
challenge becomes which strategy to choose. Optimization selects the 
best strategy for each element taking the objectives and constraints 
into consideration. The selected strateg ies form construction 
programme recommended by optimization. 

However, optimization cannot possibly consider all of the other factors 
involved in developing a construction programme. This is why dTIMS 
allows you to review and adjust the construction programme. You do 
this in the Strategy List window. This window allows you to make any 
strategy in the element's strategy list, the selected strategy; thereby 
changing the construction programme. 

Some of the reasons you may want to change the selected strategy for 
any element are, for example: 

(1) Political considerations; 
(2) To combine the work on this element with an adjacent 

element to make one construction project; 
(3) To spread the work around your geographical area ; 
(4) To see the network impacts of various "what-if" scenarios. 

Alternatively, dTIMS has a function that will allow you to combine 
elements with similar strategies into programme projects. The section 
called Programme Development discusses this function. 

Automatic Programme Development 
dTIMS has a function (see Programme Development window) which 
automatically generates a 'first-cut' set of programme projects. This 
function automatically goes through the selected strategies for an 
existing budget scenario and, to the extent possible, will do an 
analysis to determine which adjacent elements (e.g., sections) can be 
joined together into programme projects. 

When joining adjacent elements together into programme projects, 
dTIMS will automatically move selected strategies to different years, 
or, will switch selected strateg ies altogether. To help you keep track 
of the changes it makes, dTIMS stores these new selected strategies in 
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the last (i.e., fifth) budget scenario for the current analysis set. Then, 
dTIMS gives you a function (see Strip Map window) to compare the 
new programme with the original optimized one, and to adjust the new 
programme manually. This points out the need for you to name the 
fifth budget scenario accord ingly (e.g., 'Programme') and give it the 
budget you want the Programme Development function to use. 

Programme Development Logic 

It would seem the easiest way for dTIMS to join adjacent elements is 
to start at the beg inning of each road and proceed along it. This, 
however, involves very complicated log ic. Therefore, as the flowchart 
shown later reveals, the basic idea of the Programme Development 
function is to select a road and to work on one treatment at a time. 
dTIMS finds the first element with a certain treatment and proceeds in 
both directions along the road from there. (In this context we use the 
term 'treatment' to refer to the first treatment in the selected strategy 
of the current budget scenario for an element.) dTIMS processes 
treatments in the order you set in a Treatment precedence tab in 
the Treatment Property window. dTIMS selects sections along the 
road using th is treatment precedence and year of application. In other 
words, dTIMS processes all of the sections with the highest precedence 
treatment in year one, then, in year two, etc before dTIMS processes 
the next treatment type. The flowchart, shown in Figure 15, illustrates 
how this function works. 

dTIMS will f ind the first element whose selected strategy has the 
highest precedence t reatment as its first treatment in the earliest 
year. Then, dTIMS will start a new programme project, which includes 
only that element. Next, dTIMS will check to see if there is a 'next ' 
element. (The term ' next ' refers to increasing offsets along the road 
where a section is 'next' if and only if its f rom offset equals the current 
section's to offset. Similarly, a section is 'previous' if and only if its to 
offset is the same as the current's section's from offset.) dTIMS will 
keep processing next elements until there are no more. Then, dTIMS 
wil l check the ' previous' element and will keep processing until there 
are no more previous elements. 

After processing all roads with the above logic, dTIMS will use a 
second pass to adjust the application years on the newly selected 
strategies of the programme projects based on the available budget. 
This second pass (shown on the above flowchart as 'Budget ranking 
process') is based on ranking the programme projects in each year of 
the f irst five years by their present value benefits. Then, programme 
projects at the bottom of the list (i .e., with the least benefits) will be 
moved into the next year if the budget for the current year is 
exceeded. The total yearly cost dTIMS uses for comparing against the 
budget is estimated by summing the costs of the f irst treatment and 
any associated ancillary treatments for each selected strategy. 
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/ Note: 
It is possible for you to declare your own programme projects 
by combin ing elements manually. (You do this by giving 
adjacent elements the same value for PROGPROJID.) If the 
programme project you combine manually have different first 
treatments and/ or different first treatment years, dTIMS will 
treat the entire programme project as if all elements had the 
same first treatment year as the first element. (You will notice 
this particularly on the Strip Map window.) Also, you will notice 
that during this budget ranking process dTIMS will change 
treatment years for all elements in the programme project to 
the year a~er the first treatment year of the first element in the 
programme project. 

Decision Trees 

To generate programme projects dTIMS must answer each of the 
questions in the flowchart. Questions are denoted as diamond boxes. 
To help dTIMS answer these questions, you must define decision 
trees. You define these decision trees in the Programme 
Development window. In all, dTIMS has a total of six decision trees; 
one for each highlighted question diamond in the flowchart. The 
questions are: 

1. Will maximum project length be exceeded by adding adjacent 
section? 

2. Is adjacent section compatible with project? 

3. Can adjacent section be included in project by being 'skipped' 
over? 

4. Is treatment on adjacent section compatible with project? 

5. Can treatment on adjacent section be switched? 

6.Can application year of adjacent section's treatment be 
switched? 

In order to unambiguously answer any of these questions in the 
flowchart, dTIMS must analyze a huge number of possible 
combinations of values. Making logical statements with AND's and 
OR's to cover this would be very complex. To reduce this complexity, 
you construct branches of a decision tree, one variable at a time. (You 
define these branches in the Decision Tree Branch property window.) 
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By picturing the answer as an exploration along limbs of a "tree" of 
possibilities, this model wil l help you visua lize the vast number of 
possible combinations more easily. The root of the tree signifies the 
question that must be answered, and that's the point where the 
exploration starts. Each branch of the tree represents a decision, and 
the leaves of the tree indicate the possible answer of either 'Yes' or 
'No'. The exploration ends when you arrive at a single leaf. As you 
take one path or another, the ambiguity in the problem is reduced and 
an answer is eventually arrived at. The further out you go along the 
decision tree's branches, the less ambiguity there is to resolve. When 
you reach the fina l answer, all decisions have been made and there is 
no remaining ambiguity. 

Decision Tree Branches 

For example, consider the decision tree shown in Figure 16. 

""i f ,campte Decision Tree BGJ £3 
~l*;:: ~.-:. s . :.-::;:, .. ::.~ .. . ~.: .. :-::::: .. :;;. .:· .. : ::..;.~ ;;:".:j;; :.·:.~.:.: ;~::::=: :::. : .. t».'-<-~:s:::❖:~»~;. . ~-;s::::-.:;;..:;r:;. ·::·:;:-..;;:~;; 

!!M Will ma><. length be e><ceeded? mt 
:llli l~l-· • U ~an Ill 
,,,,,;:;, f- : ··· Asphalt =>1~, 

H ··· 0 therwise 
:.. - Yes 

Fl···· Reconstruction 
L ..... Length <= 5 

[Ill H-- Other ill 
ii B R;:.,:::::: Length<• 20 II 
HI Is the section compatible? !tf; 

Ii c~~ Ii 
:M: Can sec. be 'skipped' over? @i 
:jt} Is treatment compatible? j~~ 
!~I; Can treatment switched? !I 
!Ii: Can year of treatment be switched? . . . . . . .. !~ii 
'.ff$~tflttiJ~-?~~::;r}}::;:~~~~f:::\<t\~::·:•:0.~$ft~~~~;~s~-..~-:~·~t~~<-~::•~:~%tt:~❖-\•t:z:~~::::f~•:~M-~f':":~:~~:~"'.~p:y 

Figure 16 
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Figure 16 shows one path for the "Will maximum length be exceeded?" 
question which leads to a 'No' answer. You can interpreted this path 
as: 

IF Ur b an AND Asph a lt AND Overlay AND Length<= 1 0 
THEN No 

In this example path, each branch is labeled with a name that 
describes a certain condition. Fortunately, we selected the names so 
that the condition was obvious. For instance, the name 'Asphalt' 
stands for condition which groups asphalt pavement types together. 
The Decision Tree Branch property window you define for the Asphalt 
branch might look like Figure 17. 

Figure 17 

The pavement type field in this dTIMS is 'PAVETYPE'. Since PAVETYPE 
is defined in the inventory file, dTIMS appends 'Inv-' in front of its 
name. The branch tells dTIMS to check the value for the current 
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section only. The condition that the 'Asphalt' branch defined above 
represents is : 

PAVETYPE = "THK" OR PAVETYPE "FD" OR PAVETYPE = 
"TonW" OR PAVETYPE = " TonS" 

Substituting this condition in the path for the 'Asphalt' branch, the 
original path condition statement shown earlier would now look like 
this: 

IF Urba n AND (PAVETYPE = "THK" OR PAVETYPE = "FD" OR 
PAVETYPE = "TonW" OR PAVETYPE = "TonS" ) AND Overlay 
AND Le ngth <=10 THEN No 

Before dTIMS evaluates a path on the decision tree it substitutes the 
conditions defined for each branch. For example, the above path 
might end up looking like this: 

IF (FUNC CLASS= "Urban") AND (PAVETYPE = "THK" OR 
PAVETYPE = " FD" OR PAVETYPE = "TonW" OR PAVETYPE = 
"TonS") AND (FTRTlTYPE = "SOVL" OR FTRTlTYPE = 
"TOVL" ) AND (LENGTH <=10) THEN No 

Order of processing branches 

A final note about how dTIMS processes the decision trees involves a 
discussion regarding the order in which it checks the branches. In the 
above example, dTIMS first checked the Urban branch. To continue 
down that path, dTIMS had to get a 'True' from that branch. In other 
words, the FUNC CLASS value had to be 'Urban'. If the value had 
been anything other than 'Urban', dTIMS would have abandoned the 
path and would have checked the Rural branch . You set the order that 
dTIMS follows through the decision tree by the order you place the 
branches at each fork along the tree. Although not shown in the 
above decision tree figure, dTIMS automatically supplies a default 
'Otherwise' branch as the last branch in every decision point. The 
'Otherwise' branch is always 'True', therefore, dTIMS will always find a 
path through the decision tree. 

Steps To Implement the Programme Development 
Function 

To implement the Programme Development function, you must do the 
following: 

1. Place valid values in the FNAME, FOFFFROM, FOFFTO, FDESCFROM 
and FDESCTO fields in the inventory file (see Base Data Fields for a 
description of these fields) . 
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/ Note: 
dTIMS considers all elements in the inventory file with the same 
FNAME values as being on the same 'Road '. By extension then, 
the FOFFFROM and FOFFTO values tell dTIMS the relative 
placement of the elements along the road; they should not 
overlap one another. If you are using dTIMS to analyze 
elements which are not roads you must 'trick' this function into 
believing that the elements that belong together occur 
consecutively on the same road. For example, if you are 
analyzing bridge components as separate elements, (e.g., deck, 
superstructure, substructure, etc.) You must place these 
components on the same road by giving all of them the same 
value in the FNAME field (e.g., the bridge name). Then you 
must set the FOFFFROM and FOFFTO values so that it appears 
to dTIMS that they occur consecutively (e.g., deck goes from O 
to 1, superstructure goes from 1, to 2, substructure goes from 
2 to 3, and so on) . 

2. Place two fields in the inventory f ile: FSEC REC and PROGPROJID 
(see Special Data Fields for a description of these two fields) . 

/ Note: 
You must create the PROGPROJID text field to be wide enough 
to hold a unique identifier for each programme project (e.g ., 20 
bytes to be safe). Before you can use the Strip Map window 
you must ensure that this field has valid identifiers in it. You 
can fill these in manually (e.g., by copying the values from 
FSECTION which essentially places each element in its own 
programme project) . Or, you can have dTIMS automatically fill 
in this field by executing the Program Development function. 
Elements in the inventory fi le that belong to the same 
programme project will have the same identifier in this field . 

3. Name the fifth budget scenario in the respective analysis set to 
something that will remind you that dTIMS will place the selected 
strategies for the programme projects in this scenario. 

4. Supply the desired budget to the f ifth budget scenario. 

5. Adjust the treatment precedence for your rehabilitation treatments 
in the Treatment precedence tab of the Treatment property window. 

6. Generate the strategies for the respective analysis set (from the 
Tools menu) . 

7. Run Optimization for all budget scenarios in the analysis set 
including the fifth one (from the Tools menu) . 
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8. Design your programme development decision tree ON PAPER 
FIRST! 

/ Note: 
dTIMS does not 'know' anything at all about deciding which 
elements to combine into programme projects. The only th ing 
that dTIMS 'knows' is that it must answer the six questions 
listed earlier, and, that to answer them it will follow branches 
along a path of the decision tree. Which path it will follow 
depends on the branches you define. Therefore, to be sure 
dTIMS follows the correct path, you must carefully define your 
branches. Always make sure that the branches at any decision 
point are in the correct order because dTIMS checks them in 
the same order that you place them at each decision point. 
Don't forget that there is a default branch called "Otherwise" 
which is always true and which is always at the bottom of every 
decision point. 

9. Define your branches (see the Decision Tree Branch property 
window) . 

10. Print a copy of your decision tree branches (use the Print function 
on the File menu) and keep it handy for defining your decision tree. 

11. Open the Programme Development window (from the Tools menu) 
and define your decision trees. 

12. Run the Programme Development function from the same window. 

13. Open the Strip Map window (from the View menu) to review the 
results and adjust your programme manually. 
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DRP descriptions: (not shown) This line shows the description 
of each data reference point (DRP) on the road. You define 
these descriptions in the FDESCFROM and FDESCTO fields in 
the inventory file. You can suppress this part by unchecking 
the Show DRP descriptions control (see later). 

Strip map: 
This part is a thick black line with cross hatches at each DRP 
along the road. If the road does not have elements for its 
entire span, dTIMS displays these as a dotted line in this part. 

DRP Addresses: 
This part shows the offset for each DRP. You define these 
offsets in the FOFFFROM and FOFFTO fields in the inventory file. 

DataField values: 
This part shows the data of interest on the strip map. There 
are three line diagrams in this ·part. Each line shows a specific 
set of data as follows : 

First Line: Shows the elements from the inventory f ile 
and displays data describing the first treatment of the 
selected strategy as assigned by optimization for the 
budget scenario you selected when you entered this 
function. You cannot change these selected strategies in 
this function ; they are displayed for your information 
only so you can compare what the optimization function 
selected for these elements. The label on top of these 
elements is the element ID from the FSECTION field of 
the inventory file. The labels on the left hand side of 
this line are : 

XXXXXXXXXX-> : The name of the budget 
scenario you selected when you first entered 
th is function. This is shown in Figure 69 as 
" High Funding->". 

First Treatment Type: The name of the first 
treatment of the selected strategy in this 
budget scenario. 

First Treatment Year: The year of the first 
treatment of the selected strategy in th is 
budget scenario. 
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First Treatment Cost (yy): The cost of the first 
treatment of the selected strategy in this budget 
scenario. The cost units are shown as (yy). 

Present Value Benefits: The present value benefits 
of the selected strategy in this budget scenario. 

Second Line: Shows the elements from the inventory 
file and displays the first treatment of the selected 
strategy for the fifth budget scenario in the current 
analysis set. The selected strategies in the fifth budget 
scenario are the ones used to form the programme 
project. You can select one of these elements by 
clicking on it and use the control buttons on the strip 
map to change these selected strategy so you can 
develop your programme projects. The label on top of 
these elements is the element ID from the FSECTION 
field of the inventory file. The labels on the left hand 
side of this line are: 

XXXXXXXXXX->: The name of the fifth budget 
scenario in the analysis set you selected when you 
first entered this function. This is shown in the 
above figure as "No Funding->". 

First Treatment Type: The name of the first 
treatment of the selected strategy in this budget 
scenario. 

First Treatment Year: The year of the first 
treatment of the selected strategy in this budget 
scenario. 

First Treatment Cost (yy): The cost of the first 
treatment of the selected strategy in this budget 
scenario. The cost units are shown as (yy). 

Present Value Benefits: The present value benefits 
of the selected strategy in this budget scenario. 

Third Line: Shows the programme projects and displays 
some information summarizing the treatments from the 
elements that make up the project. The label on top of 
these elements is the project ID from the PROGPROJID 
field of the inventory file. The labels on the left hand 
side of this line are: 
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PROGRAM PROJECT-> : A label. 

Year: The year of the programme project. 
dTIMS defaults this to the year of first 
treatment of the first element in the project. 
Since the idea of programme projects is to 
group together elements for programming 
purposes, dTIMS assumes that the first 
treatment for all elements in the project will 
be the same, therefore, it defaults the year to 
the first element. It is up to you to ensure 
this is so when you manually adj ust the 
strategies for the elements in the project. 

Total Cost (yy): The sum of the costs of all 
the first treatments from all the elements in 
the project. The cost units are shown as 
(yy) . 

Total Benefit: The weighted average of the 
present value benefits of all selected 
strategies from all elements in the project. 
We use weighted average to combine these 
because the benefits are given as per unit 
length. 

Total Length (zz): The sum of the lengths of 
all elements in the project. This does not 
include the length of missing pieces (dotted 
lines) along the road. The length units are 
shown as (zz) . 

Figure 74 

The top part of the strip map has a number of different controls which 
allow you to manipulate the strip map and the program projects. The 
top part looks like this: 

These controls are as follows: 

Element to display strip map for: Select the road element 
you want the strip map d isplayed for. dTIMS compiles this list 
of road names by scanning the inventory fi le and selecting all 
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unique names from the FNAME field . When you select an 
element in th is control, dTIMS redraws the strip map. 

Scale to use: You have a choice of three scales to display the 
strip map for. When you change the scale, dTIMS redraws the 
strip map. 

Fit Road: Select this to cause dTIMS to force the entire 
length of the road element into the window. 

By Length: 
Select this to cause dTIMS to force a certain length of 
the road element into the window. When you select 
this, dTIMS asks you for the length you wish to show. 

By DRP: Select this to cause dTIMS to force a certain 
number of DRPs on the road element into the window. 
When you select this, dTIMS asks you for the number of 
DRPs you wish to show. 

Show: This is where you specify the length, or the number of 
DRPs you want dTIMS to fit into the current window size. 

Show DRP descriptions: Check this box to have dTIMS show 
descript ions for each DRP. dTIMS writes t hese descriptions 
vertica lly above the DRP's location . To do this dTIMS must 
rotate the font. When you uncheck th is control, dTIMS 
suppresses the DRP descriptions. This will save an incredible 
amount of screen space to help you display strip maps in lower 
resolution. 

Font size: Use the + and - buttons to increase and decrease 
the size of the font dTIMS uses to place information on the strip 
map. 

Copy to clipboard button: Press this button to send a copy of 
the strip map to the clipboard. dTIMS will redraw the strip map 
to the clipboard. You can then paste this drawing as a bitmap 
into any document. 

Refresh Strip Map button: Press this button to refresh the 
data on the strip map. dTIMS will redraw the strip map with 
the latest information from all the source files. You use this 
button after you select another strategy for one of the elements 
in on the strip map. 

186 

106 

Chapter 4 - Reference 

Study 5D98-05 Final Report by: Deighton Associates Lid 

I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 



11 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 
I 

I 
I 
I 

Print button: Press this button to produce a print out of the 
current strip map. dTIMS redraws the strip map to the printer 
object. Therefore, you must make sure that your printer can 
accept graphic characters and is capable of rotating fonts . 

Change Project button: Press this button to change the 
programme project for the current element. This button is 
enabled when you select a Current element (see Current 
Element later). When you press this button dTIMS displays the 
Change Project window. 

View See's Data button: Press this button to see the 
Inventory Data window and the Strategy List window for the 
current element. This button is enabled when you select a 
current element (see Current Element later). When you press 
this button dTIMS opens the Inventory Data window (if it is not 
already open) and opens the Strategy List Window (if it is not 
already opened). dTIMS finds-the record in the Inventory Data 
window for the current element and sets Strategy List window 
to this element for the fifth budget scenario. You can change 
the selected strategy for the current element on the Strategy 
List window. 

Arrange Windows button: Press this button to conveniently 
arrange the windows for better viewing of the data. When you 
press this button dTIMS maximizes itself and displays the strip 
map across the top half of the available space. dTIMS then 
puts the Inventory Data window on the left half of the available 
space below and the Strategy List window on the right half. 
This arrangement works best on computers with high 
resolution. 

Current Element: Shows the element ID for the currently 
selected element. You select an element by placing the mouse 
cursor on top of the element's line (shown in the fifth budget 
scenario's part) and clicking. dTIMS highlights the selected 
element's line in red. 
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Change Project Window 
The Change Project window appears on the top part of the strip map 
when you press the Change Project button. The window looks like 
this: 

Figure 75 

The Change Project window has the following components: 

Previous Project Id: Shows the project ID for the programme 
project that the element to the immediate left of the current 
element belongs. The project ID is the value found in the 
PROGPROJID field of the Inventory file. 

Current/New Project Id: Shows the project ID for the 
programme project that the current element belongs. The 
project ID is the value found in the PROGPROJID field of the 
inventory file. If you want to make the current element belong 
to a new project you put the new project's ID in this field. 

Next Project Id: Shows the project ID for the programme 
project that the element to the immediate right of the current 
element belongs. The project ID is the value found in the 
PROGPROJID field of the inventory file . 

Join with previous button: dTIMS enables this button only 
when the Previous Project ID is different than the Current/New 
Project ID. When you press thJs button dTIMS removes the 
current element from the current project and adds it to the 
previous project. dTIMS does this by changing the value in the 
PROGPROJID field of the inventory file for the current element 
to the value shown in the Previous Project Id control. 

Make new project button: dTIMS enables this button only 
when the Previous Project ID is different than the Next Project 
ID. When you press this button dTIMS removes the current 
element from the current project and adds it to a new project. 
Before you press this button you must enter a project ID for 
the new project in the Current/ Next Project Id field. 
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Join with next button: dTIMS enables this button only when 
the Next Project ID is different than the Current/ New Project 
ID. When you press this button dTIMS removes the current 
element from the current project and adds it to the next 
project. dTIMS does this by changing the value in the 
PROGPROJID field of the inventory file for the current element 
to the value shown in the Next Project Id control. 

Cancel Button: Press this button to remove the Change 
Project window. 
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Programme Development Window 

The Programme Development window gives you access to the 
programme development decision tree and the function which actually 
generates the programme projects. See the section ca lled Automatic 
Programme Development for a complete background to the concept of 
programme development and decision tree branches. 
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The window contains t he following information: 

Decision tree: The area to the left hand side of t he window conta ins 
the programme development decision tree. You modify the paths on 
this decision tree using the faci lit ies provided on this window. The 
components on this decision tree are as follows: 

Path: A path is a collection of related nodes which starts at a 
question node and ends at a result node. The relationship 
between the nodes along the path can be best described using 
the family analogy. Each node (except the question node) 
along the path has a parent. And, each node (except the result 
node) has a child . A path is best described as the collection of 
parent nodes for any resu lt node. If you press the Delete 
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current path button while on a branch node, dTIMS will delete 
all paths that that are related to that branch node. 

When transversing a path it is convenient to think of the nodes 
as being at different levels. The level of a node is relative. The 
node's parent is up one level, its child is down one level and its 
siblings are at the same level. We use the term 'level' in this 
window to describe where to insert a node. dTIMS allows a 
maximum of twenty levels (not including the question level) for 
any path. 

Question node: There are a total of six questions shown here. 
These are the roots of the decision tree. They correspond to 
the decision points highlighted in the flowchart presented in the 
Automatic Programme Development section of this manual. 
You cannot perform any functions on this node other than 
expand and collapse it. 

Branch node: A branch node represents a decision point on 
the decision tree. It contains the name of one of the branches 
you created in the Decision Tree Branch properties window. A 
branch node is a point where dTIMS will make a decision when 
developing the programme. If dTIMS finds the branch to be 
true, it will continue along that branch's path by jumping to the 
first node of the next level. If dTIMS finds the branch to be 
false, it will jump to the node directly beneath it at the same 
level (which could be a branch node or an otherwise node). 

You can edit the name of the branch in a branch node using the 
edit button. You can also change the order of the branch node 
by moving it up and down with in its level using the respective 
move buttons. Finally, you can add a new branch node either 
at the same level or at the next level using the respective insert 
buttons. 

Otherwise node: An otherwise node represents a decision 
point that is always true. In other words, when dTIMS is 
developing the programme and it has found all of the nodes at 
a particular level to be false, it will eventually come to the 
otherwise node of that level. dTIMS always evaluates an 
otherwise node as true, and, the otherwise node always has a 
result node as its only child. This way dTIMS is always 
guaranteed a path through the decision tree. 

You cannot add, delete, edit or change the order of an 
otherwise node. dTIMS maintains the otherwise nodes 
automatically for you. 
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Result node: A result node is the last node of a path. A result 
node tells dTIMS the answer to the question at the root of the 
path . The result node can have a value of either 'Yes' or 'No' . 
You can edit the result node by pressing the edit node button. 
However, you cannot add, delete or change the order of a 
result node. dTIMS maintains the result nodes automatically 
for you. 

Edit area: This is the area on the window where you can edit the 
branch for a branch node, or the result for a result node. This area is 
disabled until you press the Edit current node button. When you press 
that button dTIMS enables one of the following controls depending on 
what type of node you were on when you pressed the button: 

Current Branch: If you were on a branch node when you 
pressed the edit button, dTIMS will enable this control. It 
contains a list of available branch names. Select the new 
branch name you want from this list. dTIMS will change the 
name of the branch and will disable the control again. 

/ Note: The list of branch names dTIMS presents will 
not have the names of any of the parent branches or 
any of the branches at the same level. dTIMS does this 
to remind you that having the same branch name at two 
levels of the same path is not good logic. For this 
reason, sometimes the list only contains the current 
branch name meaning you have no more branches to 
change this one to. 

Result of path: If you were on a result node when you pressed 
the edit button, dTIMS will enable this control. It contains a list 
of two items : 'Yes' and 'No'. Select the result you want for the 
current path from this list. dTIMS will change the resu lt and 
will disable the control again. 

Edit current node button: 
This button is only enabled when you are on a branch or a result node. 
Press this to edit the value for this node. dTIMS will enable the Edit 
area and the respective control within it according to the description 
provided above. 

Insert at next level button: 
This button is only enabled when: (a) you are on a branch node that is 
not at the twentieth level, or (b) when you are on a question node 
whose only child is the otherwise node. Press this to add a branch 
node as a child of the current node. dTIMS will find the first available 
branch name and will insert a branch node with that name at the top 
of the next level. 
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/ NOTES: 
1) dTIMS automatically adds a result node as a child to the new 
node, and sets its value to 'Yes' by default. 
2) If the current node only has one child (i.e., a result node) 
when you press this button, dTIMS will also add an otherwise 
node below the new node. dTIMS gives the otherwise node a 
child result node whose value is defaulted to 'No'. 
3) If all of your branches you defined in the Decision Tree 
Branch properties window are already involved in the current 
path, dTIMS does not insert a new branch. Rather, it issues a 
message saying 'Cannot insert. All available branches have 
been used in path already.' 

Insert at this level button: 
This button is only enabled when you are on a branch node. Press th is 
to add a branch node as a sibling of the current node. dTIMS will find 
the first available branch name and will insert a branch node with that 
name at the same level as the current node. 

/ NOTES: 
1) dTIMS inserts the new branch node directly after the current 
node. 
2) dTIMS automatically adds a result node as a child to the new 
node, and sets its value to 'Yes' by default. 
3) If all of your branches you defined in the Decision Tree 
Branch properties window are already involved in either the 
current path or the current level, dTIMS does not insert a new 
branch. Rather, it issues a message saying 'Cannot insert. All 
available branches have been used in path already. ' 

Delete path button: 
This button is only enabled when you are on a branch or a result node. 
Press this to delete the path involving this node. dTIMS will remove 
the path to the current node. 

/ NOTES: 
1) If the current node has any children, dTIMS will delete those 
paths as well. 
2) If the current node has an otherwise path as its only sibling, 
dTIMS automatically: (a) removes that path as well, and (b) 
adds a resu lt node to the current path 's parent node and sets 
its value to 'Yes' by default. 

Move path up button: 
This button is only enabled when you are on a branch node and (a) 
that branch node is not at the top of the current level, and (b) that 
branch node has more siblings than just the otherwise node. Press 
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this button to move the current branch node up in the current level. 
dTIMS moves all of the paths associated with the current branch node 
above the sibling node appearing directly above it at the same level . 

Move path down button: 
This button is only enabled when you are on a branch node and (a) 
that branch node is not directly above its sibling otherwise node, and 
(b) that branch node has more sibl ings than just the otherwise node. 
Press this button to move the current branch node down in the current 
level. dTIMS moves all of the paths associated with the current branch 
node below the sibling node appearing directly below it at the same 
level. 

Print report button: 
dTIMS prints a report showing the current programme projects. 

OK button: 
dTIMS saves all changes to the dedsion tree and closes the window. 

Cancel button: 
Press this button to cancel all the changes you made to the decision 
tree since entering this function. dTIMS cancels all changes and 
reverts the decision tree to the state it was in when you entered this 
function . dTIMS then closes the window. 

Execute Automatic Programme Development button: 
Press this button to have dTIMS generate programme projects using 
the current configuration of the decision tree. After you press this 
button, dTIMS shows the Analysis Set selection window and asks you 
to select the analysis set and the budget scenario you want dTIMS to 
evaluate when creating the programme projects. At the bottom of this 
same window, dTIMS asks you whether you want it to ' blank out' the 
PROGPROJID values in the Inventory fi le for the current analysis set. 
The notes below explain the significance of blank PROGPROJID values. 

/ Notes: 
1) dTIMS automatically puts the results of this function in the 
fifth budget scenario of the analysis set. This means that the 
selected strategy in the fifth budget scenario for each element 
is the strategy dTIMS wants for the programme project 
associated with that strategy. In fact, before dTIMS starts 
generating programme projects, it copies the selected strategy 
from the budget scenario you selected to the fifth budget 
scenario for all elements with blank PROGPROJID's. Then, 
during the function, dTIMS modifies the selected strategy in the 
fifth budget scenario according to the programme project 
development rules. 
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2) If you check the 'blank out PROGPROJID' check box, dTIMS 
will go through the Inventory file and will replace the 
PROGPROJID values with blanks for each element in the current 
analysis set. At the same time, dTIMS will delete any 
strategies it automatically generated for each of these elements 
during previous executions of this function. 

* The only way dTIMS has to identify which element 
belongs to the analysis set at this stage, is to find 
elements that have selected strategies in the budget 
scenario you selected earlier. Furthermore, one of the 
only ways an element gets a selected strategy in a 
budget scenario is for you to run optimization for that 
budget scenario. Therefore, YOU MUST HAVE ALREADY 
RUN OPTIMIZATION ON THE SELECTED BUDGET 
SCENARIO before this function will work correctly. 

3) During this function, dTIMS will only generate programme 
projects for elements with blank PROGPROJID fields. You can 
make the PROGPROJID values blank using the above check 
box, or, you can make them blank by hand in the inventory file. 
The advantage of this second approach is that it allows you to 
'commit' programme projects. You can commit consecutive 
elements in the inventory file to a programme project by 
providing similar values in their PROGPROJID field. 

4) When developing programme projects, dTIMS assumes that 
an element with the do-nothing strategy as the selected 
strategy cannot be joined to an existing programme project. 
Therefore, dTIMS will place each such element in its own 
programme project. 
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