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Time in Most Languages

• Time is “as returned by the operating system”

• The duration of sleep (delay or equivalent) is approximate…

• Counting nanoseconds for lack of fixed point types

Ada does it better!



Definitions

• Time:
 Something (?) that varies (generally increasing) during computations; 

the value of a time base (aka clock)
 Computer time varies in jumps (not continuously)

• Duration:
 Number (not necessarily integer) of seconds between two times

• Real-time:
 When the time taken for computations affects the validity of the result
 Not necessarily fast!

• Race condition
 A condition that happens under very precise conditions of timing
 Never happens during testing!
 Probability of 1 in a million in a 1s. loop => once in 11.5 days



Various Times

• TAI (International Atomic Time)
 Absolute time, not related to earth’s rotation
 The only time that makes sense if you are programming a lunar probe

 Measured by atomic clocks, drift: 1 second in 100 million years

• UTC (Coordinated Universal Time)
 TAI + leap seconds to compensate for variations in earth’s rotation
 Currently, UTC=TAI – 37s.

• Legal time (wall-clock time, local time)
 Depends on location and time (time zone)
 The time depends on time! Not necessarily unique

• CPU time
 A duration spent by a task while holding the CPU



Leap Years and Leap Seconds

• Leap years
 A year is really  365.2422 days (close to 365.25)
 29th of february added on years x4
 Except for years x100

 Except for years x400 (2000 was a leap year!)

 Except for years x4000 (this one generally ignored)

• Leap seconds
 Due to irregularities in the rotation of the earth
 A second is added between December 31th and January 1st or June 

30th and July 1st

 Official name of the leap second is like 23:59:60, but…
subtype Second_Number is Natural range 0 .. 59;
(in Ada.Calendar.Formatting)

 Past leap seconds are known, future leap seconds cannot be 
predicted



Time Zones

• A time zone defines the offset (in minutes) between UTC and 
local time

• Time zones depend on locality and time

• All of Europe is on CET (Central European Time) = UTC + 1
 Except :

UK (UTC, GMT)
Portugal (UTC)
Romania, Ukraine…  (UTC + 2)

• Daylight saving time (DST) is considered a different time 
zone from winter time
 On the last weekend of March/October, the time zone changes
 Like if you are moving from Spain to Portugal…

• Big countries extend over several time zones
 USA, Russia, China…



Time types in Ada

• An implementation may provide several time types

• The type Ada.Calendar.Time is a time type
 As provided by an implementation defined time base
 Time zone is implementation defined
 And may vary, f.e. when switching to DST

 Ada.Calendar.Clock returns a value of type Ada.Calendar.Time
 The minimum variation of Time between two calls to Clock is given 

by System.Tick

• Other time types correspond to other time bases
 I.e. a computer can feature high accuracy clock boards, and the 

compiler can provide access to them with custom time types
 Although the standard doesn’t say it, a well behaved compiler would 

provide time types corresponding to the various clocks of the hardware



Core Packages Dealing with Time 
(1)

• Standard
 Home of the Duration type
 Duration covers at least 86_400.0 s., with a small no greater than 

20ms.
 But a day can be longer than 86400 s. …

• Ada.Calendar
 Home of the Time function
 Functions to translate Time to/from year, month, day, seconds
 Time zone is implementation defined
 Split, Time_Of, and others are relative to this time zone; friendly 

compilers would use local time.

 No provision for leap seconds
 “+” and “-” between Time and Duration
 No obvious semantics when crossing a DST boundary



Core Packages Dealing with Time 
(2)

• Ada.Calendar.Time_Zones
 Defines type Time_Offset
 function Local_Time_Zone… with a Time parameter!

• Ada.Calendar.Arithmetic
 Operations between a Time and Day_Count
 Difference between two Time as days, seconds, leap seconds

• Ada.Calendar.Formatting
 Calendar made right!
 Uses the same time base as Calendar
 Same operations as Calendar, with extra Time_Offset parameter to 

set the time_zone, and overloaded versions that account for leap 
seconds
 Default time offset is 0 => UTC

 Manages day of week
 And even… formating functions (Image and Value)!



Annex D Packages

• Ada.Real_Time
 Defines a different type Time, as a (non integer) number of seconds 

from an implementation-defined epoch
 It is a time type

 Guaranteed non-decreasing!
 Defines a private type Time_Span (similar to Duration) and Tick
 Arithmetic operations between these

 Conversions to/from Duration and seconds/subseconds
 Child package: 

Ada.Real_Time.Timing_Events

• Ada.Execution_Time
 Time spent by a task while holding the CPU (type CPU_Time)
 Not a time type!

 Arithmetic operations, Split and Time_Of…
 Child packages: 

Ada.Execution_Time.Timers, Ada.Execution_Time.Group_Budgets, 
Ada.Execution_Time.Interrupts



Representation of Duration

• A duration should never be implemented as a floating point 
type
 With a floating point type, precision reduces as values increase: time 

stops:

 With a fixed point type, you benefit of the full range:



Delay Relative Statement

• duration is of (fixed point) type Standard.Duration

• Expressed in seconds
 Duration must cover at least 86_400.0 seconds
 Duration’Small must not be greater than 20ms.

• Should not be used for absolute delays 
 Race condition in Ada 83:

delay duration;

delay T - Clock;

1. Compute T-Clock = 2s.
2. After computing and before entering the delay:

A higher priority task is activated
3. The task runs for 5 s.

OK, it is of higher priority
4. The first task resumes and delays for 2s.

Although the wake-up time has passed!



Delay Until Statement

• time can be any time type
 Including, but not limited to, Ada.Calendar.Time and 
Ada.Real_Time.Time

 Possibility to delay according to some special hardware clock

• No race condition
 Even for a relative delay: 

• If you care, always use the delay until statement
 Relative delay kept for compatibility with Ada 83

delay until time;

delay Clock + D;



Model of Delay

• A task is never reactivated earlier than the computed time

• Documented in annex D:
 T1: execution time of a negative delay
 T2: maximum difference between required and actual delay

T1

T2
Ideal curve

Actual delay



Recommendations

• Use Calendar only for casual usage
 If you just want the wall-clock time

• If you are doing serious time computations:
 Keep all times as UTC internally
 Use time zones for human output only
 Use Ada.Calendar.Arithmetic and Ada.Calendar.Formatting

for computations

• Always use delay until

• Be careful with leap seconds, and time zones
 (especially DST)




