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' DISCLAIMER
This report was prepared as an account of work sponsored by an agency of the United States

, Government. Neither the United States Government nor any agency thereof, nor any of their -
employees, makes any warranty, express or implied, or assumes any legal liability or responsi-
bility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its use would not infringe privately owned rights. Refer-
encc herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recom-
mendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the

United States Government or any agency thereof.
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TRJPLE D_G3NAL. MOD=_NG: A MECHANISM TO FOCUS .=,_DDUCTIVITY IMPROV'EMENT
FOR BUSINESS SUCCESS

Lawrence O. Levine, Pacific Northwes: L__bor_ory
Luis D. VillareaJ, P.E., Corpus C,_nsti A,,'-m-,,' Deaot

ABS_"_.,CT

Tdple Diagor_J ('i'D) modeiing _sa technique to heto quickly diagnose an organization's existing
proOu_ion _-stem _ to iaemify significant imp,ovemem o_oonu_ in execu'ang, controlling, and
planning ope.ra_ons. _ modeling is ctenved from lOAM Defin_ion L._guage (ID-F 0)-also known as
Structured AnaJvsis a.ncl Design Technique. It has been used su_l_, a: several Department of
Defense remanufa=t.mng _cili*aes trying to accomplish signif,,ca.m,p,"aau_Jon sys':em modernization.

TD has several actva.,"r_ges over other modeling teclqnioues. Firs".._..uickty does 'As-Is' analysis and
then moves on to ioe..--Jfy im,_rovemerrts. Second, cre._Jng one _ diagram makes it easier to share
the "i'D mode! tlqrou_no_ an organ_tion, rather t,_an the mare' linK=_;=8 I,"2 x 1I' drawings used in
traditional ae.?.omposr.;on apomacnes. Third., it acts as a communi_on mecnan_m _o snare
understandin_ a.no,-, imorovement .,pportunitir,..s that may cross exJs:zng fun_ion_torganiz_ional
bounOaY,,es. FinaJiy, _ am.s as a vehicle to build a consensc.,s on a .--m,o,'i_ecl list, of improvement
efforts th_ 'b,angs together" as an agenda for systemic Changes in _ pm_,cumionsystem and the
improved integr_on _ support, functions.

INTRODUCT;,_3N

Most explanmions of, e-2orts to make major, proouctivity imomveme_ _mrou_no_ an organiz_ion
(e.g., TQM and JR') emmnasize top management commrcment as a pr_."eou_,_e for successful
o_anizational cnange. While necessary, such commitment, is freaue_.-._,,ins:._cierr,.. By itseff, top
managemerr, comm,_ne.'-rt to a m_or Change in opera_ons can resu:: ..meno,,-nous investmems in
training and ex_ensive, uncoor_ina_ecl efforts by many teams an_ tas,cs fomes.[1] 11,these amivities
are not focuse_ to acr_eve signi_carr, business objectives, resutts rr_.' De OLsa_.pointing.

Management, must be _mm_e,'J to c,_ange and to emoloyee emoowc.-':_merr_ S_,_.t_ey. must, also
unclerstand and arucu_-e how key business obiectives are lini<eC_to "=_-o:>e.-miona! concern_
Managemem mu_ unoe.'stanc and snare a _ion of how the new p_.,maon system will work. This
operationaJ concept must. oefine r_owt_e presem prooumJon swstem t..._ons ano What systemic
changes must, occur to s_gnificantly improve performance. Triote Diags,--,aJ('TO) modeling is a
tecnnique to ne_o ouic_r.' diagr, ose the prese_ production sv_em a._r.._ iae_ s_gnificar_,
improvement opaortun_es in the execution, control, anO planning of, cue,_io,"_

IDE= 0 AND TRIPLE DIAGONAL _'_'_-- '_'"r_,,,._._,. _-' ' ,. ,._

Triple DiagoraJ moctelin.-" _s OenveC from !CAM Definition language £.CE= 0) - ,a_scknown as
Smactured Ar.a_,_sisand ._sign Tect_nioue. [2] [3] IDEF 0 r,a.sbeen _ recemJy. :_yme Defrayment
of Defense (DoD) Co rp-cr'_e lnf";orma_onManagemem (CIM) ini_=_ve :c suo:>or, a.".ahjsis of pra_x_sed
sta_qc&_on cf,i_f,_orrr_on.systems.j4] _ moaeting was ong_na_.' _-'eveloDeCto ass_
manufacturers move tow_m com#uter irrtegra:ect manulamunng.

i_ ,,i , IIII
I I

,i



Unlike most functional clecompos;.tJonapproaches, _ starts by.modeling *,heflow of ,,mater'_among
major ,'un_or_ opera_ions to produce the product or service (i.e., starts at the bottom rather than the
top). Above this execution level, the model is expanded to incorporate information flows among
functions that act to modify or _,,,"_rot_ execution functions. Above the comrol level, a thi,._lleve! of
p_nning functions is added to describe how production is scheduled and how the execution and
control functions receive the physical and information resources needed to meet that schedule.

FUNCTIONALDECOMPOSITION,TD MQDEUNGAND IMPROVEMENi

Functional decomposition as a tool to describe and analyze large systems has been used in
' irrforrn_on systems for about two decades. Its proponents ctaJmit is a useful way to document

complex functional relationship and information flows in understandable chunks through a series of
hierarchically linked diagrams.[5] Unfortunately, these diagramming efforts often resutt in very large
s"_=q_icdocuments containinq numerous individual diagrams. The volumes of information makes it
difficult for anyone, other than those wiqo creaIecl the diagrams, to understand, update, and elaborate
on wlqatthe diagrams are describing as a whole.

There are three flJndamental problems ',wt.hfunctional decomposition as a tool to aid business
improvement. First, the large number of ,_nkeddrawings, and their difficult to understand linkages,
limit their use as a vehicle for broad based communication within an organization. Second, in practice
functional decomposition efforts rrequemJvtake a long time and much effort. Third, the functional, to_
clow;_,decomposition does not aJwavssnow how tasks are sequenced. All these limita-Jons interfere
wkh effective problem analysis and iaem;-_yingsolutions.

TO has several advantages over other modeling techniques. First, it quickly does 'As-Is" ana.h,,sisand .
then moves on to identify improvements. Analysis efforts can be tailored to the requirements'of the
organization by scoping the model to cover the few key activities or products th_ are c,'iticaJto
success. Second, creating one large diagram makes it easier to share the TO model througtlout an
organization, rather than the many linkecl 8 1/2 x 11' drawings used in traditional decomDosftion
approaches. The "I'D is also a static mocel. However, its one page diagram allows for modification to
readily be inserted and understood as on-going organizational or functional changes take place.
Third, it acts as a communic_ion mechan:sm to share understanding about improvement
opportunities that may cross existing func-Jonai/organizationalboundaries. Finally, "I'Dac'_ as a
vehicle to build a consensus on a pnorft2z.-=_llist of improvementefforts that 'hangs together" as an
agencla for systemic changes in the production system and the improved integration of supportfunctions.

TRIPLE DIAGONALMODEUNG- THE 8 STEP PROCESS

i'D modeling is an eight step process. These are described below. ..

Step 1: Determinethe Basic Flow of the .',-'rocluct

Before beginning, the purpose and scope of the modeling effort should be clear to ensure the project
can be completed within time and budget constraints and the results are of value to the organEation.
This can often be achieved by selecting a key product family or critical production process as the
focus. Part of determining the scope is deciding on the boundaries of the system to be modeled (i.e.,
the first,and last activities that transform the product). When these questions are resolved, then the
process is broken into the activities that are the basis of the production process. Often rt is useful to

g note where material handling equipment is required to separate different execution level functions.

Stel32: Determinethe Material Flow



Inputs and o¢.,touts of each execution level function are _ These can inciude purchased and
fabdc_ed pazts, and scrap. A good cneck to ensure the functions are defined properly is to examine
whether the input of a function appears to have been transformed at the output. Outputs of one
execution function _ are used as inputs far another such function are also marked on the drawing.

Step 3: Add Control Feedforward

The modeling effort now moves up to the control level. Firs_ control functions are identified. Next,
outputs from control functions that are used as controls to execution level functions are noted.
Control inputs trigger or influence tl_e transformation process of an execution function (job order
packet). Finally, outputs are from one control function that serve as znputs to another control function
are identified (e.g., job order scheduling feeding the develooment of a work center dispatch list).

Step 4: Add Control Feedback

Information outputs from the execution level serve as inputs to control f, _nctions (e.g. production and
scrap reporting). This as identified and noted. In some cases, the c,,_put of some control functions
may serve as an input to another control function (e.g., an evaluation of the requirements to rework an
item can feed the rescheduling of a job order).

Steo 5: Add P!anninq _'eedforward

The modeling effort now moves u_ to the planning level. P_.ning functions are identified. Next
outputs from one planning function that are used as inputs to another planning function are noted.
These data flows usually represent relatively stable data, like Bills of Materials and Routing, that feed
the generation of a Master Production Schedule. Outputs u--ffplanning functions can also serve as
control inputs to control functions. These outputs are typicaJ}y schedules and revisions to previous
schedules, and authorizations to adjust near-term capacity (e.g., approval of overtime).

Step 6: Add P!annino Feedback

The output of some planning functions can serve as a control feedback tc ,_other planning function.
A typical example is cloing rough-cut capacity planning which determines a proposed Master
Production Schedule is infeasible. This causes the MPS to be modified to fit within capacity
constraints. Often planning functions require feedback from lower levels to replan when opera_ions
cannot achieve original goals and schedules. While every eft,oR should be made to get back on plan,
this is not always possible. This feedback may be from either control functions or execution functions.

Steo 7: Quantffv the Material Flow

Once the basic model is defined, it is selectively annotated wt_ important quantitative measures of
resource consumption and performance. This effort usually requires some analysis of records and/or
questioning knowledgeaJole staff. The level of resource consumption (e.g., manhours or machine
hours) and cy_e time is determined for each execution funcuon. Finally, quality of key inputs and/or
outputs is noted.

Step 8: Quantify the Information Flow

Finally, the processing of information is quantified. This irrvotves quamifying the resources consumed
in each control and planning function, determining cycle times for irrform_t.ion processing and
decision-making, and evatuaung the quality (accuracy) of the inform_ion flows.

TO MODEUNG AT CORPUS CHRISTI ARMY DEPOT
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Triple Diagonal modeling was successfully applied at Comus Christi Army Depot (CCAD). CCAD is
the Arm_'s a_on repair OepoL It rep_rs, o','ernauls,and modifies a range of helicopters and their
components. CCAD formed a cross-functior_ team of shop floor employees, industrial engineers,
and production and material controllers. This team was trained by staff at Pacific Nortt'rwest
Laboratory in the TO methodology. The team then qpent f_,eweeks developing a TO model of critical
processes that are associate_ with a strategicaJlysignificant workload of the depot.

To be effective, the TD model needed to address immediate concerns of both upper management and
shop floor personnel. Upper management was supportive of the focus of the effort since the workload
selected represented a poter_Jly growing market segment. The shop floor personnel were
supportive because they unders'tood that improvements that helped achieve this growth would not
threaten jobs. Both sides knew that the increased work was dependent on significant improvement
gains.

The team developed and qua.r_tied the mode;. Cycle times and scrap rates at the execution level
were quantified. Control and planning feed forward and feed back loops were evaluated for their
contribution to effectively managing the production system.

Brainstorming sessions were held to identify problem areas. Individual project identification sheets
were written and submitted for team review. Valid projects were then grouped into three areas based
on recurring themes. The firs_group of projects all dealt with the lack of process flow design to
support efficient remanufacture. The second group of projects dealt with the lack of program level
control for the work load. No cne person or functional organization truly managed the work load from
start to finish. The third group _ projects dealt with the level of information used to plan. Specifically,
the lack of structured, accurate data and the lack of integration of interdependent planning functions
was negatively affecting the rerr,anufacture of products on time, at cost, and with proper quality.

Given that the analysis of the diagram and the potential solutions all dealt with significant
organizational issues, the means and manner to snare th_ results and d_velop organizational
ownership was not a trivial exerc_e. To debrief the findings and present the potential improvements
several questions were addressed.

1. Who needed to be involved?. The team felt each Directorate needed to be represented, but
specifically the production Direct,or, Division,Branch, and Shop Foreman needed to be involved.
Another key ingredient to ensure the ears of the audience were truly in tune that day, was to have the
Chief Executive Assistant in Etendance.

2. What should be the format of this debriefing? A one day off site participative workshop was
selected.

3. Where did this project fit into the managers' (audience) agenda? The project team felt the
strongest common ground between the project findings and the managers' interests was cycle time
reduction. Therefore this topic would be relaIed to each issue the team presented.

4. What were the specific object_es of tt_eworkshop? The team had spent roughly three months in
modeling, validating, anaJyzing,and deciding on specific shop floor projects, redefining organizational
control responsibilities, and iderrdfying current information structure limitations for company wide
planning and control. How much could honestly be expected to be debriefed in a day? The group
brainstormed and concluded that the number one objective of the workshop was understancling three
simple concepts. First, the process flew of pans, sub-components, modules and the end _temmust
be designed for short cycle time. Second, controlling the material flow required the focus and
responsibility of a clearly ide_ person with the accountability and autnonty to manage the cycle
time of an end item. Third, the data su'umure,data integrity, data collection, and interrelated planning



functions mu_ provide _ informa_on to foo.:s co .rporme resources and attention on reducing the
end item cycle time.

5. How to _'_'ture the workshop? Given me objemJve of the workshop the one day session was
designed to inctude multiple learning opportunities for the participants. These included brief macro
and micro needs statements from senior and mid level managers, a physical (game) simulation of an
assembly process based on the one analyzed by the team, followed by three lessons illustrating the
three concepts mentioned above. The lessons consisted of a presentation describing a specific
problem, a break out working session for the participants to answer questions pertaining to the
problem, and a summary discussion of the various break out groups.

Based on the analysis of the model, and the worlcshop, several important outcomes were achieved.
First, shop floor improvements to reduce cycle time were identified and prioritized. Second, a high
pnority information systems project was identified to fill a critical gap in shop floor control. Finally, the
model identified a gap in the overall data structure and information systems architecture, that limits the
organization's ability to effectively focus its corporate resources in a timely manner. Resolving the
identified issues will require changes in both organizational responsibilities and new systems, but
pnmarily it will require leadership. Although the trfple diagonal is a tool built from the bottom up, it can
best be used from the top down.

CONCLUSION

Large scale performance improvement requires an overarching vision of the organization as a system
that plans, controls, and produces the goods or services that meet the needs of its customers.
Organ_ations trying to achieve this type of improvement need tools that help them to quickly:

• idemb/areas that need improvement;
• pnorrtize these changes;
• develop a common vocabulary/model to communicate this new vision throughout the

organization.
When supported, understood, and valued by the organization's leadership, Triple Diagonal modeling
can be that tool.
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