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The evolution of modern aviation has been defined by the transition from manual pilotage to highly automated 

systems designed to enhance safety, efficiency, and precision. At the heart of the Boeing 737—one of the world's 

most successful commercial aircraft families—lies the Flight Management System (FMS), specifically the Flight 

Management Computer (FMC). First introduced in a rudimentary form as the Performance Data Computer

System (PDCS) on the 737-200 series in February 1979, the FMC has since evolved into a sophisticated dual-

processor system capable of managing every aspect of a flight from takeoff to landing.

The Theoretical Framework of the Flight Management System

To understand the Boeing 737 FMC, one must first distinguish between the FMS, the FMC, and the Control 

Display Unit (CDU). While these terms are often used interchangeably in casual conversation, they represent 

distinct components of the aircraft's avionics architecture. The Flight Management System (FMS) is the 

overarching ecosystem that integrates various sensors and subsystems, including the Inertial Reference System 

(IRS), Global Positioning System (GPS), and the Autopilot/Flight Director System (AFDS).

The Flight Management Computer (FMC) is the physical logic unit, typically manufactured by Smiths Industries 

(now GE Aviation). It acts as the 'brain' that processes navigation and performance data. The Control Display Unit 

(CDU)is the user interface—the screen and keypad located on the center pedestal—through which pilots interact

with the FMC. In a modern 737NG (Next Generation) or 737 MAX, there are typically two FMCs and two or three

CDUs to provide redundancy and cross-check capabilities.

Core Components of the FMC Architecture

•  Navigation Database (NavData): Updated every 28 days via the AIRAC cycle, this database contains 

waypoints, airways, SIDs (Standard Instrument Departures), STARs (Standard Terminal Arrival Routes), and 

approach procedures.

•  Performance Database: Contains the aerodynamic and engine profiles of the specific aircraft model, allowing 

the FMC to calculate optimal speeds, altitudes, and fuel consumption.

•  Logic and Algorithms: The FMC uses complex mathematical models to predict the aircraft's trajectory in four 

dimensions (latitude, longitude, altitude, and time).

Technical Analysis: The Smiths Industries FMC Legacy

The 737 FMC, particularly the versions detailed in the renowned Bill Bulfer User Guides, is characterized by its

reliance on specific software versions (U-series) that dictate functionality. For instance, the transition from U10.6 to

U10.8 and beyond introduced significant changes in how the computer handles Required Navigation Performance

(RNP) and vertical navigation (VNAV).

The Interaction Logic: LNAV and VNAV

The primary outputs of the FMC are the Lateral Navigation (LNAV) and Vertical Navigation (VNAV)commands.

LNAV manages the horizontal path, tracking the programmed flight plan with extreme precision. VNAV is

significantly more complex, as it must account for aircraft weight, cost index, environmental conditions, and altitude



constraints.

VNAV operates in several distinct modes:

1.  VNAV PATH: The computer calculates a fixed vertical path relative to the ground. This is most common 

during the descent phase (the 'Top of Descent' or T/D).

2.  VNAV SPD: The computer manages the vertical profile by adjusting the aircraft's pitch to maintain a specific 

airspeed or Mach number, rather than a fixed geometric path.

Operational Implementation: A Step-by-Step Field Guide to FMC Initialization

Setting up the FMC is a critical part of the pre-flight procedure. It follows a logical flow often referred to by pilots as

the "L-shape" or "Z-shape" flow on the CDU. The following is a technical breakdown of the initialization process for

a 737NG/MAX aircraft.

Phase 1: Identification and Position Initialization

Upon powering the aircraft, the pilot navigates to the IDENT page. Here, the pilot must verify the aircraft model, 

engine rating, and most importantly, the validity of the AIRAC cycle. Using an expired navigation database is a

significant safety violation and can lead to navigation errors.

Next is the POS INITpage. The FMC requires a known starting point to begin its inertial calculations. Pilots

typically enter the ICAO code for the departure airport or the specific gate coordinates. These coordinates are then

cross-checked with the GPS or IRS positions to ensure alignment.

Phase 2: Route Entry and Performance Data

The RTEpage is where the flight plan is entered. This involves defining the origin, destination, and the sequence of

airways and waypoints. Once the route is 'activated' and 'executed,' the FMC generates a magenta line on the

Navigation Display (ND).

The PERF INIT page is perhaps the most technical. The pilot must enter:

•  Zero Fuel Weight (ZFW): The weight of the aircraft without usable fuel.

•  Reserves: The fuel required for contingencies and alternates.

•  Cost Index (CI): A numerical value (0-999) representing the ratio between the cost of flight time and the cost 

of fuel. A CI of 0 results in maximum range (slowest), while 999 results in maximum speed (highest fuel burn).

•  Cruising Altitude: The intended flight level, which the FMC checks against the performance database for 

'Optimum' and 'Maximum' altitudes.

Comparative Analysis of 737 FMC Generations

The following table illustrates the technological progression of the Flight Management systems across different

generations of the Boeing 737.



Feature 737-200 (PDCS) 737 Classic 
(300/400/500)

737 NG (600-900) 737 MAX

Manufacturer Smiths Industries Smiths Industries Smiths Industries 
(GE)

GE Aviation

Primary Input Tactile Keys (Basic) CDU (Alpha-numeric) Advanced CDU / V3 
CDU

Multipurpose Display 
Units

Navigation Data Limited Waypoints Full AIRAC Database Dual-redundant 
Database

High-Resolution 
Data/RNP

VNAV Capability None (Advisory only) Full VNAV Logic Advanced Path/
Speed Logic

Optimized Descent 
Paths

Display Integration Analog Instruments EFIS (Partial) Full Glass Cockpit 
(CDS)

Large Format 
Displays

Technical Mechanics: Mathematical Models of the Cost Index

One of the most misunderstood aspects of the FMC is the Cost Index (CI). The mathematical formula governing 

the CI calculation is: CI = C_time / C_fuel, where C_time is the cost of operating the aircraft per minute (crew

wages, maintenance, leasing) and C_fuel is the cost of fuel per unit of weight.

The FMC uses this ratio to solve for the Econ Speed. In technical terms, the FMC finds the point on the drag polar

where the total variable cost is minimized. When the CI is high, the FMC prioritizes the 'Time' variable, increasing

the thrust and pitch schedules to reduce flight duration. Conversely, a low CI moves the logic toward the 'Maximum

Range' (MRC) speed, where the distance traveled per unit of fuel is maximized.

Practical Troubleshooting and Common FMC Messages

Operating the FMC requires an understanding of the system's internal alerts. These messages appear in the

scratchpad area of the CDU and often require immediate pilot action.

1. UNABLE NEXT ALTITUDE

This message occurs when the aircraft’s performance limits or current vertical path prevent it from meeting a

programmed altitude constraint at a subsequent waypoint. This often happens if the aircraft is too heavy to climb

quickly or if the descent gradient is too steep for the current configuration.

2. DRAG REQUIRED

In VNAV Path descent, if the aircraft speed exceeds the target speed by more than approximately 10 knots due to 

tailwinds or a steep descent path, the FMC will prompt the pilot to increase drag, typically by deploying speed 

brakes. This is a common occurrence when the pilot has not correctly entered the forecast winds on the DESCENT 

FORECAST page.

3. INSUFFICIENT FUEL

The FMC continuously calculates the predicted fuel at the destination based on the current burn rate and the

programmed route. If the predicted fuel at the destination falls below the entered 'Reserves' value, this warning is

triggered. This requires the crew to evaluate their fuel state, check for leaks, or consider a more direct route or



lower altitude.

The Bill Bulfer Contribution: A Milestone in Technical Documentation

No discussion of the 737 FMC is complete without acknowledging Bill Bulfer. His "737 FMC User Guide" and 

"Cockpit Companion" series transformed dense manufacturer manuals into practical, pilot-centric guides. Bulfer’s 

guides emphasize the nuances of the Smiths Industries hardware, providing teaching diagrams that explain the 

flow of data through the Flight Management Computer.

His work bridged the gap between engineering theory and cockpit application. For instance, while the Boeing 

FCOM (Flight Crew Operations Manual) might state *what* a button does, Bulfer’s guide explains *why* the 

computer behaves a certain way in a specific RNP (Required Navigation Performance) environment or during an 

engine-out SID. These guides remain the gold standard for pilots undergoing a 737 Type Rating FAA Initial

training course.

Integration with Modern Training and Simulation

The complexity of the 737 FMC has led to the development of sophisticated training modules. Companies like 

Leading Edge Publishing and Opencockpits provide pilots and flight simulation enthusiasts with V3 CDU 

manuals and hardware modules that replicate the tactile feel and logic of the real Smiths Industries unit. Training 

organizations like Alliance Trainingutilize these detailed guides to prepare pilots for the rigors of commercial

operations, focusing on 'FMS proficiency' as a core competency.

Advanced Programming: The Secondary Flight Plan

A technical feature often underutilized is the SEC RTE (Secondary Route). This allows the crew to program an 

alternative scenario—such as an immediate return to the airport after takeoff or an alternate arrival for a weather-

diverted flight—without affecting the active flight plan. This capability highlights the FMC’s role in Threat and Error 

Management (TEM), allowing pilots to pre-plan contingencies and reduce cognitive workload during high-stress

phases of flight.

Future Implications: From FMC to Connected FMS

As we look toward the future, the 737 FMC is moving toward a more 'connected' architecture. With the 85 Boeing 

737 MAX jets recently ordered by American Airlines, the focus is shifting toward Trajectory Based Operations 

(TBO). Future software updates will likely allow for real-time synchronization between the ground-based Air Traffic

Control (ATC) computers and the aircraft's FMC, allowing for '4D Trajectories' where the aircraft is cleared for a

specific 3D position at a specific time.

This evolution will further reduce the need for radar vectors and level-offs, moving the industry closer to the 'perfect'

descent profile—a continuous glide from cruise to touchdown, managed entirely by the precision logic of the Flight

Management Computer. The legacy of the 737 FMC, from its PDCS origins to its current state-of-the-art

implementation, remains a testament to the power of computational logic in making the skies safer and more

efficient for millions of passengers annually.
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