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Abstract:Abstract: The Unified Code for Units of Measure (UCUM) provides human-friendly  The Unified Code for Units of Measure (UCUM) provides human-friendly 
codes for all units of measures with precise semantics to facilitate unambiguous codes for all units of measures with precise semantics to facilitate unambiguous 
and computable communication between computer systems used in science, and computable communication between computer systems used in science, 
engineering and business world wide. UCUM is inspired by earlier standards engineering and business world wide. UCUM is inspired by earlier standards 
(ISO 2955-1983, ANSI X3.50-1986) which it expands and corrects (resolving various (ISO 2955-1983, ANSI X3.50-1986) which it expands and corrects (resolving various 
ambiguities). The semantics of units is based on the intuition applied by most ambiguities). The semantics of units is based on the intuition applied by most 
physicists when computing with quantities and units (but chemists and medical physicists when computing with quantities and units (but chemists and medical 
people may have to enhance their intuition first). It represents the meaning of people may have to enhance their intuition first). It represents the meaning of 
equivalence, commensurability, conversion, base and derived units, including equivalence, commensurability, conversion, base and derived units, including 
special units which require arbitrary conversion functions (e.g., logarithm). UCUM’s special units which require arbitrary conversion functions (e.g., logarithm). UCUM’s 
formal semantics is defined algebraically, which leads to a very compact formal semantics is defined algebraically, which leads to a very compact 
representation and efficient (constant time) reasoning. However, it is quite different representation and efficient (constant time) reasoning. However, it is quite different 
from symbolic knowledge representation methods that many ontologists are from symbolic knowledge representation methods that many ontologists are 
familiar with. While symbolic models in UML are useful for discussing the design of familiar with. While symbolic models in UML are useful for discussing the design of 
the UCUM implementation, they do not replace the elegance and efficiency of the UCUM implementation, they do not replace the elegance and efficiency of 
the algebraic definition. This supports the conclusion that units of measure are the algebraic definition. This supports the conclusion that units of measure are 
essentially quantitative phenomena that require a focus on quantitative methods essentially quantitative phenomena that require a focus on quantitative methods 
for their definition. UCUM does not, however, attempt to define base units in any for their definition. UCUM does not, however, attempt to define base units in any 
formal way but uses those as primitives and refers to appropriate standards bodies formal way but uses those as primitives and refers to appropriate standards bodies 
(ISO, BIPM) for their definitions. UCUM has been adopted by many standards (ISO, BIPM) for their definitions. UCUM has been adopted by many standards 
organization world wide in and outside of the medical domain. While the actual organization world wide in and outside of the medical domain. While the actual 
maintenance of the core code system is minimal, defining organization and maintenance of the core code system is minimal, defining organization and 
governance are becoming more important. The key challenge in content is to governance are becoming more important. The key challenge in content is to 
deal with procedure defined (arbitrary) units that are common in biomedical deal with procedure defined (arbitrary) units that are common in biomedical 
sciences.sciences.
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UCUM - Unified Code for Units of UCUM - Unified Code for Units of 
MeasureMeasure

• ScopeScope
• All units of measures being contemporarily used in All units of measures being contemporarily used in 

international science, engineering, and business. international science, engineering, and business. 
• PurposePurpose

• To facilitate unambiguous semantically defined and To facilitate unambiguous semantically defined and 
computable communication of physical quantities with computable communication of physical quantities with 
units between computer systems. units between computer systems. 

• Inspired by ISO 2955-1983, ANSI X3.50-1986, and HL7 Inspired by ISO 2955-1983, ANSI X3.50-1986, and HL7 
ISO+. ISO+. 
• Predecessors (now obsolete) had many defectsPredecessors (now obsolete) had many defects

• ““a” for “year” and “are”a” for “year” and “are”
• ““cd”  for candela and centi-daycd”  for candela and centi-day
• ounce: Avoirdupois? Troy? Apothecaries’?ounce: Avoirdupois? Troy? Apothecaries’?
• many missing units, e.g., mm[Hg]many missing units, e.g., mm[Hg]

• Specifies all units with computable semantics Specifies all units with computable semantics 
• Automatic conversionAutomatic conversion
• No need for large tablesNo need for large tables
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UCUM is Easy and PreciseUCUM is Easy and Precise
• Human-friendly Codes with Precise Human-friendly Codes with Precise 

SemanticsSemantics
• Write units as you would when typing a Write units as you would when typing a 

scientific journal article draft in a plain-scientific journal article draft in a plain-
text emailtext email

• ug/dL, not mcg/decilitersug/dL, not mcg/deciliters
• g, kg, not gm, gms, kgs, etc.g, kg, not gm, gms, kgs, etc.
• cm3 not cccm3 not cc

• For standard units, you will be correct For standard units, you will be correct 
most of the time.most of the time.

• Only beware of customary units, jargon, Only beware of customary units, jargon, 
non-units, and arbitrary units.non-units, and arbitrary units.
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SyntaxSyntax
• Unit atom: g, m, min, [in_i], m[Hg]Unit atom: g, m, min, [in_i], m[Hg]
• Simple unit: prefix * atomSimple unit: prefix * atom

• kg, mm, mm[Hg], but kg, mm, mm[Hg], but notnot mmin, m[in_i] mmin, m[in_i]
• Prefixes only for “metric” unitsPrefixes only for “metric” units

• Unit termsUnit terms
• Exponents: m2, cm3Exponents: m2, cm3
• Multiplication: kg.mMultiplication: kg.m
• Division: m/sDivision: m/s
• Combination: kg.m/s2Combination: kg.m/s2
• Numeric factors, Parentheses: mg/(12.h)Numeric factors, Parentheses: mg/(12.h)

• Annotations: Annotations: 
• kg{potatoes}, mg{creat}kg{potatoes}, mg{creat}
• do not change the meaning do not change the meaning 
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Semantics – The IntuitionSemantics – The Intuition
• Unit is a product of integer-Unit is a product of integer-

powers of base units:powers of base units:
• 1 N = 1 kg.m/s21 N = 1 kg.m/s2 == 101033 mm11 ss-2-2 gg11  
• 1 dyn/s/cm5 1 dyn/s/cm5 == 101088 mm-4-4 ss-1-1 gg11

• 1 mmol/L1 mmol/L == 1010-3-3 mm-3-3 molmol11
• 1 U/L 1 U/L = 1/60= 1/60 1010-3-3 mm-3-3 ss-1-1 molmol11

• Represented as:Represented as:
•                     ((Factor  ) x [vector of exponents]Factor  ) x [vector of exponents]  

• E.g., 1/60 10E.g., 1/60 10-3  -3  x [-3, -1, 0, 1, 0, 0, 0]x [-3, -1, 0, 1, 0, 0, 0]
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Semantics - ExamplesSemantics - Examples
• 1 N = 1 kg.m/s21 N = 1 kg.m/s2 == 101033 mm11 ss-2-2 gg11  

• 10103  3  x x [1, -2, 1, [1, -2, 1, 0, 0, 0, 00, 0, 0, 0]]
• 1 dyn/s/cm5 1 dyn/s/cm5 == 101088 mm-4-4 ss-1-1 gg11

• 10108  8  x x [-4, -1, 1, [-4, -1, 1, 0, 0, 0, 00, 0, 0, 0]]
• 1 mmol/L1 mmol/L == 1010-3-3 mm-3-3 molmol11

• 1010-3  -3  x x [-3, [-3, 0, 0,0, 0, 1,  1, 0, 0, 00, 0, 0]]
• 1 U/L 1 U/L = 1/60= 1/60 1010-3-3 mm-3-3 ss-1-1 molmol11

• 1/60 1/60 1010-3  -3  x x [-3, -1, [-3, -1, 0,0, 1,  1, 0, 0, 00, 0, 0]]
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Semantics – The FormalitiesSemantics – The Formalities
§16 preliminaries§16 preliminaries
■■11 The semantics of  The semantics of UCUMUCUM is defined by the  is defined by the 

algebraic operations of multiplication, algebraic operations of multiplication, 
division and exponentiation between units, division and exponentiation between units, 
by the equivalence relations of equality and by the equivalence relations of equality and 
commensurability of units, and by the commensurability of units, and by the 
multiplication of a unit with a scalar.  multiplication of a unit with a scalar.  

■■22 Every expression in  Every expression in UCUMUCUM is mapped to one  is mapped to one 
and only one semantic element. But every and only one semantic element. But every 
semantic element may have more than one semantic element may have more than one 
valid representant in valid representant in UCUMUCUM.  .    

■■33 The set of expressions in  The set of expressions in UCUMUCUM is infinite.  is infinite. 
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§17 equivalence relations§17 equivalence relations

■1 The set of expressions in UCUM has 2 binary, The set of expressions in UCUM has 2 binary, 
symmetric, reflexive, and transitive relations:symmetric, reflexive, and transitive relations:
(1) “equals” = and (1) “equals” = and 
(2) “is commensurable with” ~. (2) “is commensurable with” ~. 
All expressions that are equal are also All expressions that are equal are also 
commensurable but not all commensurable commensurable but not all commensurable 
expressions are equal. expressions are equal. 
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§18 algebra of units§18 algebra of units
■■11 The equivalence classes generated by the  The equivalence classes generated by the 

equality relation = are called equality relation = are called unitsunits.  .    
■■22 The set of units  The set of units UU has a binary multiplication  has a binary multiplication 

operator ·  that is associative and operator ·  that is associative and 
commutative and has the neutral element commutative and has the neutral element 11  
(called “(called “the unity”the unity”). For each unit ). For each unit uu    UU there  there 
is an inverse unit is an inverse unit uu-1-1 such that  such that uu ·   ·  uu-1-1 =  = 11.  .    

■■33 The division operation  The division operation uu /  / vv is defined as  is defined as 
uu ·   ·  vv-1-1.  .    

■■44 The exponentiation operation with integer  The exponentiation operation with integer 
exponents exponents nn is defined as  is defined as uunn =  = ΠΠ11

nn  uu.    .    
■■55 The product  The product uu' = ' = rruu of a real number scalar  of a real number scalar r r 

with the unit with the unit uu is also a unit, where  is also a unit, where uu' ~ ' ~ uu. . 
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§19 dimension and magnitude§19 dimension and magnitude
■■11 The equivalence classes generated by the  The equivalence classes generated by the 

commensurability relation ~ are called commensurability relation ~ are called dimensionsdimensions. . 
The set The set DD of dimensions is infinite in principle, but only  of dimensions is infinite in principle, but only 
a finite subset of dimensions are used in practice. a finite subset of dimensions are used in practice. 
Thus, implementations of Thus, implementations of UCUM UCUM need not be able to need not be able to 
represent the infinite set of dimensions.  represent the infinite set of dimensions.    

■■22 Two commensurable units that are not equal differ  Two commensurable units that are not equal differ 
only by their magnitude.  only by their magnitude.    

■■33 The quotient  The quotient uu /  / vv of any two commensurable units  of any two commensurable units uu  
~ ~ vv is of the same dimension as the unity ( is of the same dimension as the unity (uu /  / vv ~  ~ 11). ). 
This quotient is also equal to This quotient is also equal to the unitythe unity  1 1 multiplied with multiplied with 
a scalar a scalar rr: : uu /  / vv =  = rr11, where , where rr is called the  is called the relative relative 
magnitudemagnitude of  of uu regarding  regarding vv. . 
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§20 base units§20 base units
■■11 Any system of units is constructed from a finite set  Any system of units is constructed from a finite set BB of  of 

mutually independent base units mutually independent base units 
BB = {  = { bb11, , bb22, ..., , ..., bbnn },  }, 

on which any other unit on which any other unit uu    UU is defined as  is defined as 
uu =  = rr11bb11

uu11 ·  · rr22bb22
uu22 · ... ·  · ... · rrnnbbnn

unun, , 
where where rr =  = rr11 ·  · rr22 ·· ·  ·· · rrnn is called the  is called the magnitudemagnitude of the  of the 
unit unit uu regarding  regarding BB.  .    

■■22 With respect to a basis  With respect to a basis BB every unit can thus be  every unit can thus be 
represented as a pair (represented as a pair (rr, , ûû) of magnitude ) of magnitude rr and  and 
dimension dimension ûû = ( = (uu11, , uu22, ..., , ..., uunn).  ).    

■■33 Two sets of base units are equivalent if there is an  Two sets of base units are equivalent if there is an 
isomorphism between the sets of units that they isomorphism between the sets of units that they 
generate. generate. 
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Base UnitsBase Units

• base units are arbitrary and conventionalbase units are arbitrary and conventional
• linear transformation can convert between linear transformation can convert between 

isomorphic systems of unitsisomorphic systems of units
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Derived UnitsDerived Units

• Any unit can be derived from the base by Any unit can be derived from the base by 
means of the algebra defined above.means of the algebra defined above.
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§21 special units§21 special units
■■11  Units that imply a measurement on a scale other than a Units that imply a measurement on a scale other than a 

ratio scale (e.g., interval scale, logarithmic scale) do not ratio scale (e.g., interval scale, logarithmic scale) do not 
represent proper units as elements of the group (represent proper units as elements of the group (UU,·) but are ,·) but are 
called called special unitsspecial units. The set of special units is denoted . The set of special units is denoted SS, , 
where where SS ∩  ∩ UU = {}.   = {}.    

■■22 A special unit  A special unit ss    SS is defined as the triple ( is defined as the triple (uu, , ffss, , ffss
-1-1) where ) where uu    

UU is the “corresponding” proper unit of  is the “corresponding” proper unit of ss and where  and where ffss and  and ffss
--

11 are mutually inverse real functions, applied as follows: let  are mutually inverse real functions, applied as follows: let rrss  
be the numeric measurement value expressed in the be the numeric measurement value expressed in the 
special unit special unit ss and let  and let mm be the corresponding dimensioned  be the corresponding dimensioned 
quantity (the measurement with proper unit quantity (the measurement with proper unit uu.) Now, .) Now, rrss =  = 
ffss((mm//uu) converts the measurement to the special unit and ) converts the measurement to the special unit and mm  
= = ffss

-1-1((rrss) × ) × uu does the inverse. does the inverse.
■■33 Although not elements of  Although not elements of UU, special units are said to be “of , special units are said to be “of 

the same dimension” or “commensurable with” their the same dimension” or “commensurable with” their 
corresponding proper unit corresponding proper unit uu and the class of units  and the class of units 
commensurable with commensurable with uu. This can be expressed by means of . This can be expressed by means of 
a binary, symmetric, transitive and reflexive relation ≈ on a binary, symmetric, transitive and reflexive relation ≈ on UU    
SS. . 
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Examples for special unitsExamples for special units
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Of NoteOf Note

• UCUM semantics is an algebra of UCUM semantics is an algebra of 
unitsunits

• Quite different from symbolic Quite different from symbolic 
knowledge representation knowledge representation 
methods that many ontologists methods that many ontologists 
are familiar with.are familiar with.

• Straight-forward implementation.Straight-forward implementation.
• Constant time reasoning.Constant time reasoning.
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UCUM Implementation ModelUCUM Implementation Model

name: STRING
symbol: STRING
printSymbol: TEXT

Unit

magnitude: REAL

Dimensioned
Quantity

Expressed
Quantity

name: STRING

System of
Quantities and

Units

name: STRING
metrologicDescription: TEXT

Kind of Quantity

1

1

symbol: STRING
printSymbol: TEXT

Dimension

1
n

name: STRING
symbol: CHAR

Base Dimension

Base Unit
n

Base Kind of
Quantity

1

exponent: INTEGER

Dimension
Component

n
1

Dedicated Kind
of Quantity

Quantity*
1

n
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Another UML model attempt for Another UML model attempt for 
VIM, Units and UCUMVIM, Units and UCUM

Quantity

name: STRING
printSymbol: TEXT

Kind of Quantity

Magnitude

symbol(): STRING
printSymbol(): STRING

Dimension

name: STRING
symbol: STRING
printSymbol: TEXT

Unit of Measurement

«Role»
Base Unit

number: REAL

Value of
Quantity

cnv_from(x: REAL): REAL
cnv_to(x: REAL): REAL

Conversion

1

1

1

0..*

1

1

exponent: INT

Dimension
Factor

n

1

System of
Units

position: INTEGER
symbol: STRING

Base Dimension

Coherent Unit

n

Non-Coherent
Unit

n1

factor: REAL

Linear
Conversion

«Role»
Unit in System 1

1

1..*

symbol: STRING
printSymbol: TEXT

Prefix

System

0..*

1

component

definition
1

number: REAL

Magnitude in
System

1

1

exponent: INT

Base Unit
Factor

Canonical
Form

1

0..*
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UCUM model in UCUM model in 
ISO11240 draft ISO11240 draft 
(TC215)(TC215)

class Units Of Measurement

Dimension CoherentUnit DerivedUnit

KindOfQuantity Quantity

PropertyKindOfProperty

Component

Conversion

PhysicalUnit

QuantityValue

BaseUnit

LinearConversion
ConversionFunction

Prefix

BaseQuantity

UnitOfMeasurement

ReferenceMaterialUnitProcedureUnit

ArbitraryUnit

*

۱

*۱

۱

*

۱۱ ۱

۱ ۱

*۱*

۱

*
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Conclusions regarding Conclusions regarding 
Semantics of Units of MeasuresSemantics of Units of Measures

• Units of measure are essentially quantitative Units of measure are essentially quantitative 
phenomena that require a focus on phenomena that require a focus on 
quantitative methods for their definition. quantitative methods for their definition. 
• While symbolic models in UML are useful for While symbolic models in UML are useful for 

discussing the design of the UCUM discussing the design of the UCUM 
implementation and illustrating certain conceptsimplementation and illustrating certain concepts

• Symbolic schematics do not seem to replace the Symbolic schematics do not seem to replace the 
elegance and efficiency of the algebraic elegance and efficiency of the algebraic 
definition. definition. 

• LimitationLimitation
• UCUM does not attempt to define base units in UCUM does not attempt to define base units in 

any formal way but uses those as primitives and any formal way but uses those as primitives and 
refers to appropriate standards bodies (ISO, BIPM) refers to appropriate standards bodies (ISO, BIPM) 
for their definitions.for their definitions.

• But we do not know of another formal system that But we do not know of another formal system that 
would do that.would do that.
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Ongoing UCUM ProjectsOngoing UCUM Projects
1.1. Organization and Procedures Project Organization and Procedures Project 
2.2. Managing Requests for new entries Managing Requests for new entries 
3.3. Figuring out how Procedure Defined Figuring out how Procedure Defined 

(Arbitrary) Units fit into UCUM's (Arbitrary) Units fit into UCUM's 
semantic framework semantic framework 

4.4. Testing and Quality Assurance of Testing and Quality Assurance of 
UCUM implementations UCUM implementations 

5.5. Translations, internationalization Translations, internationalization 
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Thank youThank you

• http://unitsofmeasure.orghttp://unitsofmeasure.org


	Unified Code for Units of Measure (UCUM)
	Slide 2
	UCUM - Unified Code for Units of Measure
	UCUM is Easy and Precise
	Slide 5
	Slide 6
	Syntax
	Semantics – The Intuition
	Semantics - Examples
	Semantics – The Formalities
	§17 equivalence relations
	§18 algebra of units
	§19 dimension and magnitude
	§20 base units
	Base Units
	Derived Units
	§21 special units
	Examples for special units
	Of Note
	UCUM Implementation Model
	Another UML model attempt for VIM, Units and UCUM
	UCUM model in ISO11240 draft (TC215)
	Conclusions regarding Semantics of Units of Measures
	Ongoing UCUM Projects
	Thank you

