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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-
ence 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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TRIPLE DIAGTNAL MODELING: A MECHANISM TO FOCUS PRODUCTIVITY IMPROVEMENT
FOR BUSINESS SUCCE

Lawrence O. Levirie, Pacific Northwes: _2oorzory
Luis D. Villareal, P.E., Corpus Chnsti Army Deoot

Tripie Diageonal (TR) modeiing s a technique to help quickly ciagncse an organization's existing
production sysiem anc to icemify significant improvement opponiun=ies in execuiing, controlling, and
planning operations. TQ modeling is derived from ICAM Definrion Lznguage (IDZF 0)-also known as
Structured Analysis and Design Technique. It has been used successtully & several Depanment of
Detense remanutaciunng faciliues trying to accomplish significan: proguction sysiem modemization.

TD has several agvarzages over other modeling technigues. Firs:, £ cuickly coes *As-Is* analysis ancg
then moves on 10 igerify improvements. Second, creating one larce diagram makes it easier to share
the TD mode! througnout an organzation, rather than the many links2 8 1,2 X 11° grawings used in
raditional decomposieon agorcaches. Thirg, it acis as a communic==on mesnanism 1o share
understanding &dowr improvememn: Lpponunitios that may cross existng functional/organizational
boundaries. Finally, 7= acts as a vehicie 10 build a consensus on 2 criomized list of improvememnt

gfforts that *hangs 10gsner™ as an agenca for systemic cnanges in T:2 precusiion system and the
improved imegration ¢ suppon functions.

INTRODUCTION

Most explanations of eSors to make major, productivity imorovemercs {rcughou: an organization
(e.g., TQM and JIT) em>onasize top management commitnem: as a prerequisie for sucsessful
organizational cnange. While necessary, such commitment is frequerzy insuicient. By nself, top
managememn COmmIumant 10 & Major change in operations can resus 1 enommoLs investments in
training and extensive. uncoordinated efions by many teams and tas«s forces.[1] I these activities
are not focused 10 acruave Signiicam business objectives, results me, De disaspointing.

Managemem must be ccmmitied 1o change and to emplovee emoowsrmens. But they must also
understand and arucuizz2 how key business obiectives are linked 10 2= pperstiona! concest.
Managemem must ungarsianc and share a vision of how the new procucuon sysiem will work. This
operational concept must gefine how the present production system {unctions and wnat systemic
changes mus: occur te significantly improve pertormance. Trinle Diazcnal (D) mogeling is a
technique to helo quickry diagnose the present production sysiem anc <o igendly significamt
improvement opponunaes in the execution, control, and planning of coeraions.

IO=F 0 AND TRIPLE DIAGONAL MCDELINT

Triple Diagonal modeling s derivec from ICAM Definition Language (== 0) - aiso known as
Structured Analvsis anc Zesign Technigue.[2]{3] IDEF 0 nas been usec recertly Dy the Department
of Detense (Do) Corpeoraze Imormation Managememnt (CIM) inrdative 1= supoon anawsis of proposed
stancarcization © MOonTauon Svsiems.i4] 70 modaeling was onginally ceveiopes 10 assist
manuiacturers move tCwars COmpuUter integraied manuiastunng.
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Unlike most functional decompesition approaches, 7D starts by modeling the flow of material among
major functional operations to proauce 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 mocify or control the execution functions. Above the control level, a third leve' of
planning 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.

FUNCTIONAL DECOMPOSITION. TD MODELING AND IMPROVEMENT

Functional decomposition as a tool to cescribe and analyze large systems has been used in
information systems for about two decades. lts proponents claim it is a useful way to cocument
complex functional relationship and information flows in understandable chunks througn a series of
hierarchically linked diagrams. [5] Unfortunately, these diagramming efforts often resutt in very large
swtic documents containing numerous individual diagrams. The volumes of information makes it
drfficult for anyone, other than those who created the diagrams, to understand, update, and elaborate
on what the diagrams are describing as a whole.

TD has several advantages over other modeling techniques. First, it quickly does *As-Is* analysis ang .
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 producis that are critical to

opportuntties that may cross existing funcional/crganizational boundaries. Finally, TD acts as a
venhicle to build a consensus on a priorttized list of improvement efforts that *hangs together* as an

agenca for systemic changes in the procuction system and the improved integration of support
functions.

TRIPLE DIAGONAL MODELING — THE 8 STEP PROCESS

TD modeling is an eight Sstep process. These are described below. -

Ster 1: Determine the Basic Flow of the 2roduct

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 organization,

Step 2: Determine the Material Flow




Inputs and outputs of each execution level function are identified. These can inciude purchased and
fabricated parts, and scrap. A good check to ensure the functions are defined property is to examine
whether the input of a function appears 1o have been transiormed at the output. Outputs of one

execution function that are used as inputs {or another sucn function are also marked on the drawing.

Step 3: Add Control Feedforward

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

Step 4: Add Control Feedback

Information outputs from the execution level serve as inputs to control finctions (e.g. production and
scrap reporting). This as identified and noted. In some cases, the c.iput of some control functions

may serve as an input to another controi function (e.g., an evaluation of the requirements to rework an
item can feed the rescheduling of a job order).

Step 5: Add Planning Feedforward

The modeling effort now moves up to the planning level. P'aning functions are identified. Next
outputs from one planning functicn that are used as inputs 10 anather 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. Qutputs ¢t planning functicns can also serve as
control inputs to control functions. These outputs are typically schedules and revisions to previous
schedules, and authorizations to adjust near-term capacity (e.g., approval of overtime).

Step 6: Add Planning Feecback

The output of some planning functions can serve as a control feedback t¢  .1other planning function.
A typical example is doing 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. Cften planning functions require feegback from lower levels to replan when operations
cannot achieve original goals and schedules. While every efiort should be made to get back on plan,
this is not always possible. This feedback may be from efther control functions or execution functions.

Step 7: Quantifv the Matenal Flow

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

Step 8: Quantily the Infermation Flow

Finally, the processing of information is quantified. This involves quantifying the resources consumed
in each control and planning function, determining cycle times for information processing and
decision-making, and evaluating the quality (accuracy) of the information flows.

TD MODELING AT CORPUS CHRISTI ARMY DEPCT




Triple Diagonal modeling was successfully applied at Corpus Christi Army Depot (CCAD). CCAD is
the Army’s aviation repair depot. |t repairs, overhauls, and modifies a range of helicopters and their
components. CCAD formed a cross-functiorial team of shop floor employees, industrial engineers,
and production and material controllers. This team was trained by staff at Pacific Northwest
Laboratory in the TD methodology. The team then spent five weeks developing a TD model of critical
pracesses that are associated with a strategically significant workload of the depot.

To be effective, the TD model needed to address immediate concems of both upper management and
shop floor personnel. Upper management was supportive of the focus of the effort since the workload
selected represented a potendally growing market segment. The shop floor personnel were
supportive because they understood 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 quarttified the mode.. Cycle times and scrap rates at the execution level
were quantified. Control and pianning 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 first group of projects all dealt with the lack of process flow design to
support efficient remanufacture. The second group of projects deatt 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 cf 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 remanufacture of products on time, at cost, and with proper quality.

Given that the analysis of the diagram and the potential solutions all deatt with significant
organizational issues, the means and manner to share the results and develop organzational
ownership was not a trivial exercise. To debrief the findings and present the potential improvements
several questions were addressed.

1. Who needed to be involved? The team fett each Directorate needed to be represented, but
specifically the production Director, 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 attendance.

2. What should be the format of this debriefing? A one day off ste 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 related to each issue the team presented.

4. What were the specific objectives of the workshop? The team had spent roughly three months in
modeling, validating, analyzing, and deciding on specific shop floor projects, redefining organizational
control responsibilities, and identifying current information structure limitations for company wide
planning and control. How much coulkd honestly be expected to be debriefed in a day? The group
brainstormed and concluded that the number one objective of the workshop was understanding three
simple concepts. First, the process flow of parts, sub-components, modules and the end item must
be designed for short cycle time. Second, cormrolling the material flow required the focus and
responsibility of a clearly idertifiabie person with the accountability and authority to manage the cycle
time of an end item. Third, the data structure, data imegrty, data collection, and interrelated planning



functions must previde the information to focus corporate resources and attention on reducing the
end item cycie time.

5. How to sttucture the workshop? Given the objective of the workshop the one day session was
designed to include muttiple leaming opporntunities 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 anatyzed 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 peraining to the
problem, and a summary discussion of the various break out groups.

Based on the analysis of the model, and the workshop, several important outcomes were achieved.
First, shop floor improvements to reduce cycle time were identified and prioritized. Second, a high
pricrity 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

primarily it will require leadership. Atthough the triple 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.
Organizations trying to achieve this type of improvemnent need tools that hetp them to quickly:

. iderirty areas that need improvement;

. prioritize these changes;
. develop a common vocabulary/mode! 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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