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Abstract

Most software development models are linear and follow phased-processes generally and commonly known as requirements, design, implementation and production. Quality assurance and metrics are treated rather separately, not readily integrated in the models. When subject to decision making on deliverables and/or process status, the linear models appear unsuitable to process owners who naturally belong to a hierarchical organization. Furthermore, emphasis on internal processes or sub-processes hinders the advantages that could be gained if inter-processes are the focus. In this paper, first we expand the model to include two additional processes: business opportunity at the front-end and market acceptance and penetration at the back-end, collectively called, Solution Development and Delivery. The term “Solution” is used to reflect a sense of purpose of development and the separation between Development and Delivery is to reflect reality. We then introduce a hierarchical model for solutions development and delivery that is pulled- up from the linear models. The hierarchical model becomes suitable to the structural, functional and cross-functional organization of an enterprise. We then map this overall process onto 6 levels of decision-making: executive, program management, project management, technical management, product/release management and business management. We incorporate software metrics and quality assurance at every and each decision making level as well as management of deliverables between processes (called inter-processes). Accountability, interoperability and controllability are emphasized. Completeness, correctness, consistency and compliance are quantifiable quality attributes. The integrated hierarchical model is prototyped, using Lotus Notes, for the management of processes, management of deliverables, practice of quality and practice of decision making.

1. Introduction
There are five fundamental issues with current software development management. First, most software development models are linear while the organization that manages the development and delivery effort is hierarchical, thus hinder the effective management of, and decision-making on, software process and products by practitioners of different management levels, who belong to naturally a hierarchical organization. Second, the scope of development over time is detached from business scope since primary ownership are generally assigned to R&D organization (although participation from non-R&D organizations such as marketing, sales, support and services is solicited).  Third, the management of development effort is commonly placed at the project (and technical) level rather than at business level or at a higher level of management, therefore predefined business goals are at times forgotten or not observed. Fourth, the focus has been always on processes supporting the development and delivery, rather than on inter-processes between different phases of the cycle. Consequently, process improvement is frequently piece-meal due to resource constraints. Global and continuous improvement of the entire organization process would be too expensive and time-consuming. The focus on interprocess becomes desirable since it allows placing the concerns on deliverables between various phases of development. This in addition gives rise to exercising validation, as much as we desire, between an exit point from the delivering authority and an entry point to the receiving authority. Fifth and last, quality of products and quality of processes as well as metrics are treated rather separately from management and decision-making, therefore total integration is in fact, difficult. Furthermore, this gives rise to gap and mismatch. The delivering organization unit may give a deliverable item that the receiving organization does not expect, what is expected by receiving organization is not received (mismatch). On the other hand, the sending party may gives an item that requires more work to be done before it can be accepted by the receiving party (gap).

The first issue suggests the concept of mappability between the development process and the organization driving and supporting it. Since the organization is undoubtedly hierarchical, both structurally and functionally, a workable mapping would necessitate that the development process be hierarchical. The second and third issues give rise to proper accountability in the organization. The fourth issue shifts the focus from process to interprocess for interoperability. And the last issue places emphasis on controllability where quality assurance attributes such as completeness, correctness, consistency and compliance may be exercised. We submit that the four concepts: mappability, accountability, interoperability and controllability for deliverables that obey completeness, correctness, consistency and compliance are enough to ensure an effective management of solution development and delivery.  

This paper introduces a hierarchical model for solutions development and delivery for effective management, timely decision-making and measurable quality assurance attributes with particular focus on interprocess. The outline of this paper is as follows. In section 2, we briefly present the nature of a suitable model in comparison with traditional and conventional software development models for managing solution development and delivery. WE then introduce the hierarchical model in section 3. We proceed with a pilot implementation in Lotus Notes in section 4. Benefits and values are discussed in section 5 as concluding remarks. 

2. Characterization of an effective management of development and delivery
Simply speaking, in solution development and delivery, we are concerned with two entities: the deliverables (called products) and the process producing them. It is hard to achieve quality deliverables without a quality process. A quality process is in turn carried out by practitioners belonging to the organization.  These practitioners are responsible for moving the deliverables from one stage to the next, and therefore must be accountable for their act. From an overall business point of view, it is probably more advantageous to leave the internal process to practitioners and consider paying attention on those deliverables that are changing hands at the interprocess level. Placing the emphasis on interprocess, one may find that control can be exercised consistently at different levels of management. Deliverables can be measured generally in terms of completeness, correctness, consistency and compliance. We call it C3C criteria. In the following, we attempt to detail four basic conepts for an effective management of development and delivery. 

 Thus, first and foremost, we should look for an organization design that is most suitable to the development tasks. Regardless of organization designs, any organization is of some hierarchical form with an executive whom with a couple of directors, managers and domain specialists are reporting to according to the line of command concept. 

Mappability between development & delivery process and organization driving it

In this section, we first characterize the development and delivery process by a set of indicators measuring it. As we have stated in section 1, our example process consists of 7 stages or phases (it could be more or less). namely, (1) business opportunities phase, (2) program planning, (3) project planning, (4) solution development, (5) solution delivery, (6) market penetration and acceptance, and finally (7) corporate program performance.  Ownership of each phase is identified according to its nature. 

Furthermore, it suggests a common interface between them whereby the process attributes describing their status, success and/or failure that would allow decision-making by management to be easily exercised whether they are strategic, tactical or operational. This is definitely suitable to the view of interprocess suggested as focus in response the fourth issue, which is placed between the end of a stage or phase of the development process and the beginning of the next. The mappability can be architected according to the business needs and expandable to cover any scope larger than R&D such as inclusion of business opportunities phase at the front-end of the development process or market penetration/acceptance phase at its back-end, the second issue. Quite interestingly, this in turn allows a direct linkage between process attributes and quality attributes for management consideration, monitoring of deliverables as well as for decision-making at all levels rather than at the project level as commonly seen when the effort is placed at the project level (third issue). The inclusion of quality assurance and quality control becomes easier to implement (fifth issue).
An overall development and delivery effort should be initiated by an organization unit that identifies business opportunities. This shouldn’t be an R&D organization that collects requirements as inputs for product development. This should be a business-oriented organization that follows the market, listens to customers and has the capability to formulate solutions. Depending upon the internal organization of the enterprise, this responsibility commonly falls in the hands of business unit authority, with collaboration of support, marketing, sales and R&D units. The questions to be asked in this case can be as simple as “Are the features/functions sound?” “Will they bring benefits and values to customers?” “Will they generate adequate revenues?” “What would be the success factors?” Will they be at some risk?” 

The collection of functions and features identified would then make up a business opportunity (Phase 1) that will be formulated as one or more business programs for executive approval. The programs (phase 2) may then be decomposed into different but contributing projects with plans for architecting, designing and realizing them. The project plans may include marketing plan, sales plan, support plan, service plan, training plan and of course R&D plan. For all these plans, focus is on schedule, estimates of resources and  activities to be performed. Phase 3 (Project planning) involves all organization units contributing to the success of the intended program. 

Phase 4 (Solution development) is normally and traditionally assigned to an R&D organization unit. This is where the design and implementation usually take place. Features and functions code completion and development build in the forms of CD or tapes are deliverables of this phase and placed on a server accessible to delivery organization to test and build product or release. Product/Release build is performed by Delivery organization unit. Products are re-tested and certified for First Customer Ship (FCS), Field Test (FT) or Early Support program (

The use of indicators for process is not new. Nor are the notion of hierarchical structure in indicators and the notion of hierarchical organization. Indeed, indicators are commonly grouped by corporate functional areas such as Marketing indicators, R&D indicators, Sales indicators, Services indicators or Support indicators. 

Within each indicator group, hereby called key area, indicators can be subdivided into sub-indicators. Indicators can be classified as independent  indicator, composite indicator or derived indicator. Independent indicators are those that show the state or status of an area of concern. These key indicators are graded as red, yellow or green according to some evaluation criteria. Composite indicators are those that have sub-indicators. One sub-indicator may belong to more that one composite indicator. Derived indicators are those that.    Previous researchers have devised various schemes to identify sub-indicators.   A typical business organization is hierarchical. Most associated business processes, procedures, policy structure, forms are therefore inherently hierarchical. This is true in most organizations including those for software development firms. Yet the software development process is linear. Most approaches and methodologies on software development follow a phase-like process. Customer requirements are considered as inputs to the process. Program and/or projects are defined. Functions and features of products are identified. Development works by doers/workers are initiated. Products involving predefined functions/features are then built. Various releases of the product or product family are delivered to the consumers as outputs. The mismatches between organizations (hierarchical) and development processes (linear) have received very little attention.

Accountability (the who)

Accurate scope of work with well-defined mission (business we are in or framework), objectives (target to reach within the framework), strategies (how to achieve objectives and/or how to compete), tactics (tasks to achieve in short-term) are essential elements (Ackoff, 19xx) for effective planning. But no matter how well our plans are, if accountability is not enforced, no appropriate, proper decision making can be reached. Accountability is 

Interoperability (the what)

Interoperability exists at different level of granularity in any organization. Interoperability is defined at the interface between two organization units: one unit is the sender and the other, receiver. Interoperability reaches perfection if no mismatch and gap exist. Both mismatch and gap require rework or extra-work.

Controllability (the where)

Quality assurance: completeness, correctness, consistency and compliance (the how)

Effective decision-making (the when)

3. Hierarchical model for solution development and delivery management

The development and delivery model described here consists of 7 phases, namely, (1) business opportunities phase, (2) program planning, (3) project planning, (4) solution development, (5) solution delivery, (6) market penetration and acceptance, and finally (7) corporate program performance.  Phase 1 and 6 have been commonly treated, in previous software development models, respectively as inputs and outputs, rather than processes (although in reality, they are important processes responsible by non-development organization units (e.g. business units, marketing, sales, customer satisfaction). Phase 2, 3 and 4 parallel the conventional requirements, design and implementation phases of a typical development effort. Phase 5 comparable to production and maintenance in other models for in-house development is now labeled “delivery” to illustrate the focus toward software deliverables for use by others. Finally, phase 7 closes the loop from 1 to 6 for analytical review, evaluation on the programs and their results.
The model introduced in this paper is based on the following basic goal-oriented component concepts: (1) function/feature requirements are identified by business opportunities, (2) program defined by organization, (3) project established to carry out tasks, (4) functions and features within each project, (5) product built based on a number of functions and features, and its release for the delivery of implementation, (6) performance of the release in the market in terms of acceptance and penetration, and (7) overall corporate program performance. An organization may have a couple of dozens to hundred of programs, several hundreds of associated projects, and several hundreds of functions/features. These functions/features may appear in a few dozens of products to be releases over a planned sequence of version-release-modifications. The component phase-oriented concepts give rise to two important aspects: (a) control of the deliverables (product) and (b) process control. These two aspects are strongly related, changes made to one of the two affect the other.   
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As a rule of thumb, we associate program management to executive level of decision making, program management to direct reports to executives, project management to second or first managers, technical management to R&D managers, product/release management to release/product managers, and the like. The essential idea is that the development and delivery process and its deliverables from start to finish are to be monitored by every level of management from its own perspective. This suggests 

The basket-like process on the top is called business opportunities. It should be considered as a core process where customer wants and needs are identified, selected and agreed upon by executive team and executive staff. 

(A typical business organization consists of a head of the company and various functional division/departments, each functional division is responsible by an executive. Some areas may be combined to report to a group executive. Within each department/division, directorship responsible for more specific functions may be defined. First line managers responsible for workers in turn report to directors. Functional areas may range from marketing, sales, communications, legal, human resources, different R&D domains, technical services, customer support and recently customer satisfaction. These functional areas are typically hierarchical).

4. Implementation

We have chosen to implement a pilot application of the model using Lotus Notes 4.6. Notes is a groupware for workflow.   

5. Concluding remarks
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7. References

The organization of a family, a school, business, industry, association, government are mostly hierarchical. The concept of networked organizations is only an add-on or an extension that may occur at any level or all levels of management. Yet, when it involves software development, most models used, modified, or newly proposed, over the past few decades, have a common characteristics: linear. These models include water-fall, spiral, evolutional, iterative, transformational and many of their other variations and modifications. 

To incorporate a sense of purpose to software development, many corporations have used the term Solutions development rather than software development. Then, one starts to separate development from delivery where development is basically a decomposition process from requirements, design and coding of features and functions and delivery is used to indicate the process of pulling together functions and features for the building of products in various time frames called releases. Each later release included an enhancement of the previous ones to meet market demand and needs.  The internal process for the development and delivery of software nevertheless remains linear: step by step and phase by phase. 

Furthermore, since software development is randomly on time and within budget, focus was to give to process improvement as solutions to shorten the two attributes: time and budget. Much work has been published in this new arena.  

Table 3: Hierarchical re-grouping of key indicators for measurements and decision making

Decision- making Level
Key areas (defined as groups of departments)
Phase Gate


Quality

Key area A
Marketing

Key area B
Product

Key area C
Support

Key area D
Sales

Key area E
0
1
2
3
4


Customer

Sat & Quality
BU, Pricing, Marketing, Comm, Pricing, Legal/Contr.
R&D (dev), Cert., ID, Build/Pack.
Support & Training
C&S and Sales






Program

mgnt
Indicators
Indicators
 Indicators
Indicators 
Indicators 
P
X
X
X
P

Project mgnt
Indicators
Indicators
Indicators
Indicators
Indicators
X
P
X
X
X

Technical mgnt
Indicators
Indicators
Indicators
Indicators
Indicators
X
X
P
X
X

Release mgnt
Indicators
 Indicators
Indicators
Indicators
Indicators
X
X
X
P
X

Quality mgnt
Indicators
Indicators
Indicators
Indicators
Indicators
P
X
X
X
P

Where P indicates primary focus, and X other indicators

 Inter-phase description in terms of deliverables, receivables and exit-entry criteria: Phases n and n+1

(1) Phase n

Example: Program Requirements


 
(2) Phase 0 

Gate Review



(3) Phase n+1

Ex: Project Planning



(2) Roles and responsibilities

Phase responsibility and owner

Role and responsibility

Owner

Role and responsibility

Phase responsibility and owner 

(3) Overall

Product Req’ts

R&D Req’ts

Support Req’ts

Services Req’ts

Training Req’ts

Sales Req’ts

Contract Req’ts

Ext. Prog Plan

Pricing

Success meas. criteria
BU director

BU director

R&D manager

CSO manager

C&S manager

WW E/T mgr

Sales director

Contracts mgr

BU director

BU director

All

Gating

Gate Report actions items
BP mgr

BU director & PMT

Overall

BU/Mkt/Com

Product plan

Support plan

C&S plan

Training plan

Sales plan

Contract ?

Success meas
BU dir

BU director

R&D PMT

CSO mgr

C&S mgr

WW E/T mgr

Sales dir

Contr. mgr

All

(4) Inputs

Program Business Plan  

(external or internal)



Outputs (deliverables)

Approved Gate 0 Report



Inputs (receivables)

Approved Gate 0 Report



(5) Entry criteria



Exit criteria



Entry criteria



(6) Phase 0 tasks



Validation tasks

Status review

  

Phase 1 tasks



(7) Outputs (deliverables)

Gate 0 Report



Inputs (receivables)

Gate 0 Report



Outputs (deliverables)

Gate 1 Report

Product Plans & Schedules



(8) Exit criteria

10 key indicators of Phase 0 Gate Report

(please refer to Gates_Summary.doc and Phase 0 Gate Methodology)



Entry criteria

Report available 48 hours prior to Review meeting 



Exit criteria

Key indicators of Phase 1 Gate Report



(9) Distribution

BU manager

PMT members



Distribution



Distribution



(10) Comments, if any



Recommendations

· Promotion

· Further actions req’d

· Exec exception req’d

Comments, if any



Comments, if any



NOTE: The attachments are not yet all available
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