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implicits in Scala

#1

#2

functions for the network
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Functions & Streaming
Recall the discussion surrounding Tom’s 
example of XStream’s transform method from 
yesterday.

poor reconstruction from memory:

function transform(f: (t:T)!=>U, ctx: {}):Stream<U> { 
    … 
}

free variables go here



Functions & Streaming
Recall the discussion surrounding Tom’s 
example of XStream’s transform method from 
yesterday.

- Embedding DSLs like XStream in a host language 
gets you all kinds of goodies like tooling, a type 
system you don’t have to design yourself, etc.

observation:

- But you lose control in other areas; e.g., pure 
functions lost. Now we just have to deal with 
errors that may come from users not explicitly 
passing free variables as the ctx parameter.



Functions & Streaming
Recall the discussion surrounding Tom’s 
example of XStream’s transform method from 
yesterday.

question.
Manuel asked something along the lines of:

“Would it be possible to introduce a new 
abstraction for functions that would 
ameliorate some of these issues?” 



Yes.
Or at least we made one attempt so 
far in the context of Scala/the JVM. 



My work has been in the context 
of Spark.



wikipedia
reduced, 48.4GB
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val wiki: RDD[WikiArticle] = ... 



From there, think of your distributed 
data like a single collection...

wiki

val wiki: RDD[WikiArticle] = ... 

wiki.map { article => 
  article.text.toLowerCase 
} 

Example:
Transform the text (not titles) 
of all wiki articles to lowercase.
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Some of the issues with sending 
closures over the network:

RECAP:

(in the context of Java/Scala)

1. transitive references that inadvertently hold on to 
excessively large object graphs creating memory 
leaks

Transitive object graphs. 

2. Capturing references to mutable objects, leading 
to race conditions in a concurrent setting.

3. Unknowingly accessing object member that are 
not constant such as methods, which in a 
distributed setting can have logically different 
meanings on different machines.
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wiki

val wiki: RDD[WikiArticle] = ... 



Going back to this example….

wiki

val wiki: RDD[WikiArticle] = ... 

wiki.map { article => 
  article.text.toLowerCase 
} 

Example:
Transform the text (not titles) 
of all wiki articles to lowercase.





Some of the issues with sending 
closures over the network:

RECAP:

(in the context of Java/Scala)

1. Accidental capture of non-serializable variables.

Serializability.

2. Compiler-specific translation schemes that 
create implicit references to objects that are not 
serializable



Some of the issues with sending 
closures over the network:

RECAP:

(in the context of FP)

sendFunc !:: SendPort (Int !-> Int) !-> Int !-> ProcessM () 
sendFunc p x = sendChan p (\y !-> x + y + 1)

Serializing arbitrary lambdas not obvious even in 
FP languages.

How do we look up a pickler for x?



Spark example

class MyCoolRddApp { 
  val log = new Log(!!...) 
  def shift(p: Int): Int = !!... 
  !!... 
  def work(rdd: RDD[Int]) { 
    rdd.map(x !=> x + shift(x)) 
       .reduce(!!...) 
  } 
}
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Spark example

Fails with an 
exception at 
runtime!

class MyCoolRddApp { 
  val log = new Log(!!...) 
  def shift(p: Int): Int = !!... 
  !!... 
  def work(rdd: RDD[Int]) { 
    rdd.map(x !=> x + shift(x)) 
       .reduce(!!...) 
  } 
}

x => x + shift(x) 
not serializable 
because it 
captures this of 
type 
MyCoolRddApp 
which is itself not 
serializable



Akka example

def receive = { 
 case Request(data) !=> 
   future { 
     val result = transform(data) 
     sender ! Response(result) 
   } 
}
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Akka example

No exception. 
But sometimes 
logically 
incorrect.

def receive = { 
 case Request(data) !=> 
   future { 
     val result = transform(data) 
     sender ! Response(result) 
   } 
}

Result: Response 
is sometimes sent 
where it’s not 
expected.Akka actor 

spawns a future 
to concurrently 
process 
incoming reqs

Not a stable 
value! It’s a 
method call!



Our version of safe functions:
Spores
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Spores
What are they?

A closure-like abstraction
A type system

Goal:
Well-behaved closures with controlled 
environments that can avoid various 
hazards.
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(a)enforcing a specific syntactic shape 
which dictates how the environment of 
a spore is declared. 

(b)providing additional type checking to 
ensure that types being captured have 
certain properties.



Spores
This is achieved by:

(a)enforcing a specific syntactic shape 
which dictates how the environment of 
a spore is declared. 

(b)providing additional type checking to 
ensure that types being captured have 
certain properties.

Crucially,
spores encode extra type 

information corresponding to the 

captured environment  

in their type.



Spores
Basic usage (long-form):

val s = spore { 
  val h = helper 
  (x: Int) !=> { 
    val result = x + " " + h.toString 
    println("The result is: " + result) 
  } 
}

The body of a spore consists of 2 parts:

a closure

a sequence of local value (val) declarations only 
(the “spore header”), and#1

#2
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Spores
Basic usage (long-form):

val s = spore { 
  val h = helper 
  (x: Int) !=> { 
    val result = x + " " + h.toString 
    println("The result is: " + result) 
  } 
}

The body of a spore consists of 2 parts:

a closure

a sequence of local value (val) declarations only 
(the “spore header”), and#1

#2

Syntactic rule: free variables of 

the closure body must be either: 

(a)parameters of the closure or 

(b)defined in the spore header
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Spores and Closures
Evaluation semantics
The semantics of a spore is equivalent to the 
closure that is the result of removing the spore 
marker

val s = spore { 
  val h = helper 
  (x: Int) => { 
    val result = x + " " + h.toString 
    println("The result is: " + result) 
  } 
}

val s = { 
  val h = helper 
  (x: Int) => { 
    val result = x + " " + h.toString 
    println("The result is: " + result) 
  } 
}



Spores and Closures
Evaluation semantics
The semantics of a spore is equivalent to the 
closure that is the result of removing the spore 
marker

Coercions: from closure to spore
Function literals can be implicitly turned into a 
spore if the function literal satisfies the spore rules



A spore guarantees…

1.   All captured variables are declared in  
      the spore header 

2.  The initializers of captured variables  
      are executed once, upon creation of  
      the spore 

3.  References to captured variables do  
      not change during the spore’s execution

(vs a closure)



That gets you…
Since... 

Captured expressions are evaluated 
upon spore creation. 

Spores are like function values with an 
immutable environment.  

Plus, environment is specified and 
checked, no accidental capturing.

That means...



That gets you… (graphically)

During 
execution

Right after 
creation

Spores closures

1

2
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That gets you… (graphically)

During 
execution

Right after 
creation

Spores closures

1

2

5 ‘a’

5 ‘a’

??
I’m in ur stuff 

draggin around ur object graf 



Formalization
Central idea:
Spore types are refinements of function types.

6SRUHV� $ 7\SH�%DVHG )RXQGDWLRQ IRU &ORVXUHV LQ WKH $JH RI &RQFXUUHQF\ 	 'LVWULEXWLRQ ��

� )RUPDOL]DWLRQ
t ::= x YDULDEOH

| (x : T ) ⇒ t DEVWUDFWLRQ
| t t DSSOLFDWLRQ
| ��� x = t �� t OHW ELQGLQJ
| {l = t} UHFRUG FRQVWUXFWLRQ
| t.l VHOHFWLRQ
| ����� { x : T = t ; pn; (x : T ) ⇒ t } VSRUH
| ������ pn �� t SURSHUW\ LPSRUW
| t ������� t VSRUH FRPSRVLWLRQ

v ::= (x : T ) ⇒ t DEVWUDFWLRQ
| {l = v} UHFRUG YDOXH
| ����� { x : T = v ; pn; (x : T ) ⇒ t } VSRUH YDOXH

T ::= T ⇒ T IXQFWLRQ W\SH
| {l : T} UHFRUG W\SH
| S

S ::= T ⇒ T { ���� C = T ; pn } VSRUH W\SH
| T ⇒ T { ���� C ; pn } DEVWUDFW VSRUH W\SH

P ∈ pn → T SURSHUW\ PDS
T ∈ P(T ) W\SH IDPLO\

Γ ::= x : T W\SH HQYLURQPHQW
∆ ::= pn SURSHUW\ HQYLURQPHQW

)LJ� �� &RUH ODQJXDJH V\QWD[
:H IRUPDOL]H VSRUHV LQ WKH FRQWH[W RI D VWDQGDUG� W\SHG ODPEGD FDOFXOXV ZLWK UHFRUGV�

$SDUW IURP QRYHO ODQJXDJH DQG W\SH�V\VWHPDWLF IHDWXUHV� RXU IRUPDO GHYHORSPHQW IROORZV
D ZHOO�NQRZQ PHWKRGRORJ\ >��@� )LJXUH � VKRZV WKH V\QWD[ RI RXU FRUH ODQJXDJH� 7HUPV
DUH VWDQGDUG H[FHSW IRU WKH ������ ������� DQG ������� WHUPV� $ ����� WHUP FUHDWHV D QHZ
VSRUH� ,W FRQWDLQV D OLVW RI YDULDEOH GHILQLWLRQV �WKH VSRUH KHDGHU�� D OLVW RI SURSHUW\ QDPHV�
DQG WKH VSRUH¶V FORVXUH� $ SURSHUW\ QDPH UHIHUV WR D W\SH IDPLO\ �D VHW RI W\SHV� WKDW DOO
FDSWXUHG W\SHV PXVW EHORQJ WR�

$Q LOOXVWUDWLYH H[DPSOH RI D SURSHUW\ DQG LWV DVVRFLDWHG W\SH IDPLO\ LV D W\SH FODVV� D
VSRUH VDWLVILHV VXFK D SURSHUW\ LI WKHUH LV D W\SH FODVV LQVWDQFH IRU DOO LWV FDSWXUHG W\SHV�

$Q ������ WHUP LPSRUWV D SURSHUW\ QDPH LQWR WKH SURSHUW\ HQYLURQPHQW ZLWKLQ D OH[�
LFDO VFRSH �D WHUP�� WKH SURSHUW\ HQYLURQPHQW FRQWDLQV SURSHUWLHV WKDW DUH UHJLVWHUHG DV
UHTXLUHPHQWV ZKHQHYHU D VSRUH LV FUHDWHG� 7KLV LV H[SODLQHG LQ PRUH GHWDLO LQ 6HFWLRQ ����
$ ������� WHUP LV XVHG WR FRPSRVH WZR VSRUHV� 7KH FRUH ODQJXDJH SURYLGHV VSRUH FRPSR�
VLWLRQ DV D EXLOW�LQ IHDWXUH� EHFDXVH W\SH FKHFNLQJ VSRUH FRPSRVLWLRQ LV PDUNHGO\ GLIIHUHQW
IURP W\SH FKHFNLQJ UHJXODU IXQFWLRQ FRPSRVLWLRQ �VHH 6HFWLRQ �����

7KH JUDPPDU RI YDOXHV LV VWDQGDUG H[FHSW IRU VSRUH YDOXHV� LQ D VSRUH YDOXH HDFK WHUP
RQ WKH ULJKW�KDQG VLGH RI D GHILQLWLRQ LQ WKH VSRUH KHDGHU LV D YDOXH�

7KH JUDPPDU RI W\SHV LV VWDQGDUG H[FHSW IRU VSRUH W\SHV� 6SRUH W\SHV DUH UHILQHPHQWV
RI IXQFWLRQ W\SHV� 7KH\ DGGLWLRQDOO\ FRQWDLQ D �SRVVLEO\�HPSW\� VHTXHQFH RI FDSWXUHG
W\SHV� ZKLFK FDQ EH OHIW DEVWUDFW� DQG D VHTXHQFH RI SURSHUW\ QDPHV�

Spore types include more information than 
function types: 
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function types: 

captured types
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LFDO VFRSH �D WHUP�� WKH SURSHUW\ HQYLURQPHQW FRQWDLQV SURSHUWLHV WKDW DUH UHJLVWHUHG DV
UHTXLUHPHQWV ZKHQHYHU D VSRUH LV FUHDWHG� 7KLV LV H[SODLQHG LQ PRUH GHWDLO LQ 6HFWLRQ ����
$ ������� WHUP LV XVHG WR FRPSRVH WZR VSRUHV� 7KH FRUH ODQJXDJH SURYLGHV VSRUH FRPSR�
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7KH JUDPPDU RI YDOXHV LV VWDQGDUG H[FHSW IRU VSRUH YDOXHV� LQ D VSRUH YDOXH HDFK WHUP
RQ WKH ULJKW�KDQG VLGH RI D GHILQLWLRQ LQ WKH VSRUH KHDGHU LV D YDOXH�

7KH JUDPPDU RI W\SHV LV VWDQGDUG H[FHSW IRU VSRUH W\SHV� 6SRUH W\SHV DUH UHILQHPHQWV
RI IXQFWLRQ W\SHV� 7KH\ DGGLWLRQDOO\ FRQWDLQ D �SRVVLEO\�HPSW\� VHTXHQFH RI FDSWXUHG
W\SHV� ZKLFK FDQ EH OHIW DEVWUDFW� DQG D VHTXHQFH RI SURSHUW\ QDPHV�

Spore types include more information than 
function types: 

captured types, and properties
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S ::= T ⇒ T { ���� C = T ; pn } VSRUH W\SH
| T ⇒ T { ���� C ; pn } DEVWUDFW VSRUH W\SH

P ∈ pn → T SURSHUW\ PDS
T ∈ P(T ) W\SH IDPLO\

Γ ::= x : T W\SH HQYLURQPHQW
∆ ::= pn SURSHUW\ HQYLURQPHQW

)LJ� �� &RUH ODQJXDJH V\QWD[
:H IRUPDOL]H VSRUHV LQ WKH FRQWH[W RI D VWDQGDUG� W\SHG ODPEGD FDOFXOXV ZLWK UHFRUGV�

$SDUW IURP QRYHO ODQJXDJH DQG W\SH�V\VWHPDWLF IHDWXUHV� RXU IRUPDO GHYHORSPHQW IROORZV
D ZHOO�NQRZQ PHWKRGRORJ\ >��@� )LJXUH � VKRZV WKH V\QWD[ RI RXU FRUH ODQJXDJH� 7HUPV
DUH VWDQGDUG H[FHSW IRU WKH ������ ������� DQG ������� WHUPV� $ ����� WHUP FUHDWHV D QHZ
VSRUH� ,W FRQWDLQV D OLVW RI YDULDEOH GHILQLWLRQV �WKH VSRUH KHDGHU�� D OLVW RI SURSHUW\ QDPHV�
DQG WKH VSRUH¶V FORVXUH� $ SURSHUW\ QDPH UHIHUV WR D W\SH IDPLO\ �D VHW RI W\SHV� WKDW DOO
FDSWXUHG W\SHV PXVW EHORQJ WR�

$Q LOOXVWUDWLYH H[DPSOH RI D SURSHUW\ DQG LWV DVVRFLDWHG W\SH IDPLO\ LV D W\SH FODVV� D
VSRUH VDWLVILHV VXFK D SURSHUW\ LI WKHUH LV D W\SH FODVV LQVWDQFH IRU DOO LWV FDSWXUHG W\SHV�

$Q ������ WHUP LPSRUWV D SURSHUW\ QDPH LQWR WKH SURSHUW\ HQYLURQPHQW ZLWKLQ D OH[�
LFDO VFRSH �D WHUP�� WKH SURSHUW\ HQYLURQPHQW FRQWDLQV SURSHUWLHV WKDW DUH UHJLVWHUHG DV
UHTXLUHPHQWV ZKHQHYHU D VSRUH LV FUHDWHG� 7KLV LV H[SODLQHG LQ PRUH GHWDLO LQ 6HFWLRQ ����
$ ������� WHUP LV XVHG WR FRPSRVH WZR VSRUHV� 7KH FRUH ODQJXDJH SURYLGHV VSRUH FRPSR�
VLWLRQ DV D EXLOW�LQ IHDWXUH� EHFDXVH W\SH FKHFNLQJ VSRUH FRPSRVLWLRQ LV PDUNHGO\ GLIIHUHQW
IURP W\SH FKHFNLQJ UHJXODU IXQFWLRQ FRPSRVLWLRQ �VHH 6HFWLRQ �����

7KH JUDPPDU RI YDOXHV LV VWDQGDUG H[FHSW IRU VSRUH YDOXHV� LQ D VSRUH YDOXH HDFK WHUP
RQ WKH ULJKW�KDQG VLGH RI D GHILQLWLRQ LQ WKH VSRUH KHDGHU LV D YDOXH�

7KH JUDPPDU RI W\SHV LV VWDQGDUG H[FHSW IRU VSRUH W\SHV� 6SRUH W\SHV DUH UHILQHPHQWV
RI IXQFWLRQ W\SHV� 7KH\ DGGLWLRQDOO\ FRQWDLQ D �SRVVLEO\�HPSW\� VHTXHQFH RI FDSWXUHG
W\SHV� ZKLFK FDQ EH OHIW DEVWUDFW� DQG D VHTXHQFH RI SURSHUW\ QDPHV�

Spore types include more information than 
function types: 

captured types, and properties

Properties: a property could 
express: “each captured type 
must have a Pickler type class instance.”



Spores with Constraints
Idea:
• Keep track of types of captured variables 
• Allow restricting captured types



Spores with Constraints
Idea:
• Keep track of types of captured variables 
• Allow restricting captured types

An API may prevent argument spores from 
capturing variables of type Socket:

Example:



Spores with Constraints
Idea:
• Keep track of types of captured variables 
• Allow restricting captured types

type SafeSpore[-T, +R] = Spore[T, R] { 
  type Excluded <: No[Socket] 
} 

def sendOverWire(s: SafeSpore[Int, Int]): Unit = ...

An API may prevent argument spores from 
capturing variables of type Socket:

Example:



Formalization

To express excluded types, we use an additional 
type member

6SRUHV� $ 7\SH�%DVHG )RXQGDWLRQ IRU &ORVXUHV LQ WKH $JH RI &RQFXUUHQF\ 	 'LVWULEXWLRQ ��

� )RUPDOL]DWLRQ
t ::= x YDULDEOH

| (x : T ) ⇒ t DEVWUDFWLRQ
| t t DSSOLFDWLRQ
| ��� x = t �� t OHW ELQGLQJ
| {l = t} UHFRUG FRQVWUXFWLRQ
| t.l VHOHFWLRQ
| ����� { x : T = t ; pn; (x : T ) ⇒ t } VSRUH
| ������ pn �� t SURSHUW\ LPSRUW
| t ������� t VSRUH FRPSRVLWLRQ

v ::= (x : T ) ⇒ t DEVWUDFWLRQ
| {l = v} UHFRUG YDOXH
| ����� { x : T = v ; pn; (x : T ) ⇒ t } VSRUH YDOXH

T ::= T ⇒ T IXQFWLRQ W\SH
| {l : T} UHFRUG W\SH
| S

S ::= T ⇒ T { ���� C = T ; pn } VSRUH W\SH
| T ⇒ T { ���� C ; pn } DEVWUDFW VSRUH W\SH

P ∈ pn → T SURSHUW\ PDS
T ∈ P(T ) W\SH IDPLO\

Γ ::= x : T W\SH HQYLURQPHQW
∆ ::= pn SURSHUW\ HQYLURQPHQW

)LJ� �� &RUH ODQJXDJH V\QWD[
:H IRUPDOL]H VSRUHV LQ WKH FRQWH[W RI D VWDQGDUG� W\SHG ODPEGD FDOFXOXV ZLWK UHFRUGV�

$SDUW IURP QRYHO ODQJXDJH DQG W\SH�V\VWHPDWLF IHDWXUHV� RXU IRUPDO GHYHORSPHQW IROORZV
D ZHOO�NQRZQ PHWKRGRORJ\ >��@� )LJXUH � VKRZV WKH V\QWD[ RI RXU FRUH ODQJXDJH� 7HUPV
DUH VWDQGDUG H[FHSW IRU WKH ������ ������� DQG ������� WHUPV� $ ����� WHUP FUHDWHV D QHZ
VSRUH� ,W FRQWDLQV D OLVW RI YDULDEOH GHILQLWLRQV �WKH VSRUH KHDGHU�� D OLVW RI SURSHUW\ QDPHV�
DQG WKH VSRUH¶V FORVXUH� $ SURSHUW\ QDPH UHIHUV WR D W\SH IDPLO\ �D VHW RI W\SHV� WKDW DOO
FDSWXUHG W\SHV PXVW EHORQJ WR�

$Q LOOXVWUDWLYH H[DPSOH RI D SURSHUW\ DQG LWV DVVRFLDWHG W\SH IDPLO\ LV D W\SH FODVV� D
VSRUH VDWLVILHV VXFK D SURSHUW\ LI WKHUH LV D W\SH FODVV LQVWDQFH IRU DOO LWV FDSWXUHG W\SHV�

$Q ������ WHUP LPSRUWV D SURSHUW\ QDPH LQWR WKH SURSHUW\ HQYLURQPHQW ZLWKLQ D OH[�
LFDO VFRSH �D WHUP�� WKH SURSHUW\ HQYLURQPHQW FRQWDLQV SURSHUWLHV WKDW DUH UHJLVWHUHG DV
UHTXLUHPHQWV ZKHQHYHU D VSRUH LV FUHDWHG� 7KLV LV H[SODLQHG LQ PRUH GHWDLO LQ 6HFWLRQ ����
$ ������� WHUP LV XVHG WR FRPSRVH WZR VSRUHV� 7KH FRUH ODQJXDJH SURYLGHV VSRUH FRPSR�
VLWLRQ DV D EXLOW�LQ IHDWXUH� EHFDXVH W\SH FKHFNLQJ VSRUH FRPSRVLWLRQ LV PDUNHGO\ GLIIHUHQW
IURP W\SH FKHFNLQJ UHJXODU IXQFWLRQ FRPSRVLWLRQ �VHH 6HFWLRQ �����

7KH JUDPPDU RI YDOXHV LV VWDQGDUG H[FHSW IRU VSRUH YDOXHV� LQ D VSRUH YDOXH HDFK WHUP
RQ WKH ULJKW�KDQG VLGH RI D GHILQLWLRQ LQ WKH VSRUH KHDGHU LV D YDOXH�

7KH JUDPPDU RI W\SHV LV VWDQGDUG H[FHSW IRU VSRUH W\SHV� 6SRUH W\SHV DUH UHILQHPHQWV
RI IXQFWLRQ W\SHV� 7KH\ DGGLWLRQDOO\ FRQWDLQ D �SRVVLEO\�HPSW\� VHTXHQFH RI FDSWXUHG
W\SHV� ZKLFK FDQ EH OHIW DEVWUDFW� DQG D VHTXHQFH RI SURSHUW\ QDPHV�



Formalization

To express excluded types, we use an additional 
type member

6SRUHV� $ 7\SH�%DVHG )RXQGDWLRQ IRU &ORVXUHV LQ WKH $JH RI &RQFXUUHQF\ 	 'LVWULEXWLRQ ��

� )RUPDOL]DWLRQ
t ::= x YDULDEOH

| (x : T ) ⇒ t DEVWUDFWLRQ
| t t DSSOLFDWLRQ
| ��� x = t �� t OHW ELQGLQJ
| {l = t} UHFRUG FRQVWUXFWLRQ
| t.l VHOHFWLRQ
| ����� { x : T = t ; pn; (x : T ) ⇒ t } VSRUH
| ������ pn �� t SURSHUW\ LPSRUW
| t ������� t VSRUH FRPSRVLWLRQ

v ::= (x : T ) ⇒ t DEVWUDFWLRQ
| {l = v} UHFRUG YDOXH
| ����� { x : T = v ; pn; (x : T ) ⇒ t } VSRUH YDOXH

T ::= T ⇒ T IXQFWLRQ W\SH
| {l : T} UHFRUG W\SH
| S

S ::= T ⇒ T { ���� C = T ; pn } VSRUH W\SH
| T ⇒ T { ���� C ; pn } DEVWUDFW VSRUH W\SH

P ∈ pn → T SURSHUW\ PDS
T ∈ P(T ) W\SH IDPLO\

Γ ::= x : T W\SH HQYLURQPHQW
∆ ::= pn SURSHUW\ HQYLURQPHQW

)LJ� �� &RUH ODQJXDJH V\QWD[
:H IRUPDOL]H VSRUHV LQ WKH FRQWH[W RI D VWDQGDUG� W\SHG ODPEGD FDOFXOXV ZLWK UHFRUGV�

$SDUW IURP QRYHO ODQJXDJH DQG W\SH�V\VWHPDWLF IHDWXUHV� RXU IRUPDO GHYHORSPHQW IROORZV
D ZHOO�NQRZQ PHWKRGRORJ\ >��@� )LJXUH � VKRZV WKH V\QWD[ RI RXU FRUH ODQJXDJH� 7HUPV
DUH VWDQGDUG H[FHSW IRU WKH ������ ������� DQG ������� WHUPV� $ ����� WHUP FUHDWHV D QHZ
VSRUH� ,W FRQWDLQV D OLVW RI YDULDEOH GHILQLWLRQV �WKH VSRUH KHDGHU�� D OLVW RI SURSHUW\ QDPHV�
DQG WKH VSRUH¶V FORVXUH� $ SURSHUW\ QDPH UHIHUV WR D W\SH IDPLO\ �D VHW RI W\SHV� WKDW DOO
FDSWXUHG W\SHV PXVW EHORQJ WR�

$Q LOOXVWUDWLYH H[DPSOH RI D SURSHUW\ DQG LWV DVVRFLDWHG W\SH IDPLO\ LV D W\SH FODVV� D
VSRUH VDWLVILHV VXFK D SURSHUW\ LI WKHUH LV D W\SH FODVV LQVWDQFH IRU DOO LWV FDSWXUHG W\SHV�

$Q ������ WHUP LPSRUWV D SURSHUW\ QDPH LQWR WKH SURSHUW\ HQYLURQPHQW ZLWKLQ D OH[�
LFDO VFRSH �D WHUP�� WKH SURSHUW\ HQYLURQPHQW FRQWDLQV SURSHUWLHV WKDW DUH UHJLVWHUHG DV
UHTXLUHPHQWV ZKHQHYHU D VSRUH LV FUHDWHG� 7KLV LV H[SODLQHG LQ PRUH GHWDLO LQ 6HFWLRQ ����
$ ������� WHUP LV XVHG WR FRPSRVH WZR VSRUHV� 7KH FRUH ODQJXDJH SURYLGHV VSRUH FRPSR�
VLWLRQ DV D EXLOW�LQ IHDWXUH� EHFDXVH W\SH FKHFNLQJ VSRUH FRPSRVLWLRQ LV PDUNHGO\ GLIIHUHQW
IURP W\SH FKHFNLQJ UHJXODU IXQFWLRQ FRPSRVLWLRQ �VHH 6HFWLRQ �����

7KH JUDPPDU RI YDOXHV LV VWDQGDUG H[FHSW IRU VSRUH YDOXHV� LQ D VSRUH YDOXH HDFK WHUP
RQ WKH ULJKW�KDQG VLGH RI D GHILQLWLRQ LQ WKH VSRUH KHDGHU LV D YDOXH�

7KH JUDPPDU RI W\SHV LV VWDQGDUG H[FHSW IRU VSRUH W\SHV� 6SRUH W\SHV DUH UHILQHPHQWV
RI IXQFWLRQ W\SHV� 7KH\ DGGLWLRQDOO\ FRQWDLQ D �SRVVLEO\�HPSW\� VHTXHQFH RI FDSWXUHG
W\SHV� ZKLFK FDQ EH OHIW DEVWUDFW� DQG D VHTXHQFH RI SURSHUW\ QDPHV�



Formalization

Sound composition of constraints: avoid 
calculating constraints that are not guaranteed 
to hold at runtime 

SPORE COMPOSITION PRESERVES TYPE 
CONSTRAINTS

…In the paper:

Soundness proof based on a small-step operational 

semantics and progress+preservation.

Correspondence to the Scala implementation



Using Spores in APIs

def sendOverWire(s: Spore[Int, Int]): Unit = !!... 
!// !!... 
sendOverWire((x: Int) !=> x * x - 2)

In APIs
If you want parameters to be spores, then 
you can write it this way



How are they serializable?
They’re not. Yet.



Properties
IDEA:

case class Person(name: String, age: Int) 

val fun = spore { 
  val p: Person = ... 
  val luckyNum: Int = ... 
  () => s"${p.name}'s lucky number is: $luckyNum" 
}

allow expressing a type-based property that 
must be satisfied by all captured variables upon 
creation of a spore.

EXAMPLE: ENSURE THE FOLLOWING SPORE IS 
SERIALIZABLE.



Properties
IDEA:

case class Person(name: String, age: Int) 

val fun = spore { 
  val p: Person = ... 
  val luckyNum: Int = ... 
  () => s"${p.name}'s lucky number is: $luckyNum" 
}

allow expressing a type-based property that 
must be satisfied by all captured variables upon 
creation of a spore.

EXAMPLE: ENSURE THE FOLLOWING SPORE IS 
SERIALIZABLE.

To serialize a spore, it's necessary that for all captured 
variables of type T, there is an implicit pickler of type 
Pickler[T] in scope.



Properties
IDEA:

case class Person(name: String, age: Int) 

val fun = spore { 
  val p: Person = ... 
  val luckyNum: Int = ... 
  () => s"${p.name}'s lucky number is: $luckyNum" 
}

allow expressing a type-based property that 
must be satisfied by all captured variables upon 
creation of a spore.

EXAMPLE: ENSURE THE FOLLOWING SPORE IS 
SERIALIZABLE.

To serialize a spore, it's necessary that for all captured 
variables of type T, there is an implicit pickler of type 
Pickler[T] in scope.

Pickler[T] CAN BE A SUCH A 
PROPERTY



Properties
WHAT ARE THEY?

Properties are defined using a type Property[T]

Use a property by importing it.

When importing a property of type 
Property[Prop] all spores in scope are 
guaranteed to satisfy the property or not 
compile

(= all captured types have property Prop) 



Properties
WHAT ARE THEY?

Properties are defined using a type Property[T]

Use a property by importing it.

When importing a property of type 
Property[Prop] all spores in scope are 
guaranteed to satisfy the property or not 
compile

(= all captured types have property Prop) 

so, in the case of pickling, just:

import picklable

and the framework ensures that a Pickler[T] exists 

for every captured type T. 

(has to have type 
Property[Pickler])



Properties

CAN HAVE ARBITRARY PROPERTIES.
…plugs in nicely with other pluggable type 
systems.

Integrate with a deep immutability checker like 
OIGJ (Zibin et al. 2010)

EXAMPLE: DEEP IMMUTABILITY

Not limited to pickling.



Properties
Not limited to pickling.

Automatically generate type class instances for 
all types that satisfy a transitive predicate, using 
macros. 

implicit def isImmutable[T: TypeTag]: Immutable[T]

which returns a type class instance for all types of 
the shape C[O, Immut] that's deeply immutable 
(analyzing the TypeTag).

IDEA:



Properties
Not limited to pickling.

Automatically generate type class instances for 
all types that satisfy a transitive predicate, using 
macros. 

implicit def isImmutable[T: TypeTag]: Immutable[T]

which returns a type class instance for all types of 
the shape C[O, Immut] that's deeply immutable 
(analyzing the TypeTag).

To enforce transitive immutability for a spore, it's then 

sufficient to define an implicit of type 
Property[Immutable].

IDEA:



#1

�� +� 0LOOHU� 3� +DOOHU� DQG 0� 2GHUVN\

MOOC

Parallel Collections

Spark

}
}
}

E\ HIIHFWLYO\ DGGLQJ WKH FODXVH ���� ��ƃ�Ƅ WR WKH GHILQLWLRQ RI LWV �������� W\SH PHP�
EHU� 6HFRQG� WKH H[LVWHQFH RI DGGLWLRQDO ERXQGV RQ WKH FDSWXUHG W\SHV LV GHWHFWHG E\
DWWHPSWLQJ WR LQIHU DQ LPSOLFLW YDOXH RI W\SH ��������ƃɏƄ� ,I VXFK DQ LPSOLFLW YDOXH FDQ
EH LQIHUUHG� D VHTXHQFH RI W\SHV VSHFLI\LQJ W\SH ERXQGV LV REWDLQHG DV IROORZV� %DVL�
FDOO\� WKH W\SH RI WKH LPSOLFLW YDOXH LV PDWFKHG DJDLQVW WKH SDWWHUQ
��������ƃ�ɨƄ ���� ŜŜŜ ���� ��������ƃ��Ƅ ZKHUH WKH �� DUH W\SH YDULDEOHV� )RU HDFK
W\SH �� DQ LPSOLFLW YDOXH PHPEHU

�������� ��� ���ś ��ƃ��������Ƅ ʰ ����������ƃ��ƃ��������ƄƄ

LV JHQHUDWHG DQG DGGHG WR WKH ����� UHILQHPHQW W\SH�
:H DOVR SURYLGH DQ LPSOLFLW FRQYHUVLRQ IURP VWDQGDUG 6FDOD IXQFWLRQV WR VSRUHV�

7KLV FRQYHUVLRQ LV LPSOHPHQWHG DV D PDFUR ZKRVH H[SDQVLRQ IDLOV LI WKH DUJXPHQW IXQF�
WLRQ LV QRW D OLWHUDO� VLQFH LQ WKLV FDVH LW LV LPSRVVLEOH IRU WKH PDFUR WR FKHFN WKH VSRUH
VKDSH�FDSWXULQJ FRQVWUDLQWV�

� (YDOXDWLRQ

3URJUDP /2& �FORVXUHV �FRQYHUWHG /2& FKDQJHG �FDSWXUHG YDUV

IXQVHWV �� � � � �
IRUFRPS ��� � � � �
PDQGHOEURW ��� � � � �
EDUQHVKXW ��� � � � �
VSDUN SDJHUDQN �� � � � �
VSDUN NPHDQV �� � � � �
7RWDO ���� �� �� �� ��

)LJ� ��� &RPSDULVRQ WR UHODWHG DSSURDFKHV

,Q WKLV VHFWLRQ ZH HYDOXDWH WKH SUDFWLFDOLW\ RI XVLQJ VSRUHV DV DQ DOWHUQDWLYH WR QRUPDO
FORVXUHV LQ 6FDOD E\ PHDVXULQJ WKH QXPEHU RI FKDQJHV UHTXLUHG WR FRQYHUW H[LVWLQJ SUR�
JUDPV WKDW FUXFLDOO\ UHO\ RQ FORVXUHV WR XVH VSRUHV� :H DQDO\]H D QXPEHU RI UHDO 6FDOD
SURJUDPV� WDNHQ IURP WKUHH FDWHJRULHV�

�� *HQHUDO� FORVXUH�KHDY\ FRGH� WDNHQ IURP WKH H[HUFLVHV RI WKH SRSXODU 022& RQ
)XQFWLRQDO 3URJUDPPLQJ 3ULQFLSOHV LQ 6FDOD� WKH JRDO RI DQDO\]LQJ WKLV FRGH LV WR JHW
DQ DSSUR[LPDWLRQ RI WKH ZRUVW�FDVH HIIRUW UHTXLUHG ZKHQ FRQVLVWHQWO\ XVLQJ VSRUHV
LQVWHDG RI FORVXUHV� LQ D PRVWO\�IXQFWLRQDO FRGH EDVH�

�� 3DUDOOHO DSSOLFDWLRQV EDVHG RQ 6FDOD¶V SDUDOOHO FROOHFWLRQV� 7KHVH H[DPSOHV HYDOX�
DWH WKH SUDFWLFDOLW\ RI LQWURGXFLQJ VSRUHV LQWR D SDUDOOHO FRGH EDVH WR LQFUHDVH LWV
UREXVWQHVV�

�� 'LVWULEXWHG DSSOLFDWLRQV EDVHG RQ WKH $SDFKH 6SDUN FOXVWHU FRPSXWLQJ IUDPHZRUN�
,Q WKLV FDVH� ZH HYDOXDWH WKH SUDFWLFDOLW\ RI XVLQJ VSRUHV LQ 6SDUN DSSOLFDWLRQV WR
PDNH VXUH FORVXUHV DUH JXDUDQWHHG WR EH VHULDOL]DEOH�

0HWKRGRORJ\ )RU HDFK SURJUDP� ZH REWDLQHG �D� WKH QXPEHU RI FORVXUHV LQ WKH SURJUDP
WKDW DUH FDQGLGDWHV IRU FRQYHUVLRQ� �E� WKH QXPEHU RI FORVXUHV WKDW FRXOG EH FRQYHUWHG WR
VSRUHV� �F� WKH FKDQJHG�DGGHG QXPEHU RI /2&� DQG �G� WKH QXPEHU RI FDSWXUHG YDULDEOHV�
,W LV LPSRUWDQW WR QRWH WKDW GXULQJ WKH FRQYHUVLRQ LW ZDV QRW SRVVLEOH WR UHO\ RQ DQ LPSOLFLW

)LJ� ��� (YDOXDWLQJ WKH SUDFWLFDOLW\ RI XVLQJ VSRUHV LQ SODFH RI QRUPDO FORVXUHV

YDOXH LV PDWFKHG DJDLQVW WKH SDWWHUQ ��������ƃ�ɨƄ ���� ŜŜŜ ���� ��������ƃ��Ƅ� )RU HDFK
W\SH �� DQ LPSOLFLW PHPEHU RI WKH IROORZLQJ VKDSH LV DGGHG WR WKH ����� W\SH UHILQHPHQW�

�������� ��� ���ś ��ƃ��������Ƅ ʰ ����������ƃ��ƃ��������ƄƄ

7KH LPSOLFLW FRQYHUVLRQ �6HFWLRQ ���� IURP VWDQGDUG 6FDOD IXQFWLRQV WR VSRUHV LV LPSOH�
PHQWHG DV D PDFUR ZKRVH H[SDQVLRQ IDLOV LI WKH DUJXPHQW IXQFWLRQ LV QRW D OLWHUDO� VLQFH
LQ WKLV FDVH LW LV LPSRVVLEOH IRU WKH PDFUR WR FKHFN WKH VSRUH VKDSH�FDSWXULQJ FRQVWUDLQWV�

� (YDOXDWLRQ
,Q WKLV VHFWLRQZH HYDOXDWH WKH SUDFWLFDOLW\ DQG WKH EHQHILWV RI XVLQJ VSRUHV DV DQ DOWHUQDWLYH
WR QRUPDO FORVXUHV LQ 6FDOD� 7KH HYDOXDWLRQ KDV WZR SDUWV� ,Q WKH ILUVW SDUW ZH PHDVXUH WKH
LPSDFW RI LQWURGXFLQJ VSRUHV LQ H[LVWLQJ SURJUDPV� ,Q WKH VHFRQG SDUW ZH HYDOXDWH WKH
XWLOLW\ DQG WKH V\QWDFWLF RYHUKHDG RI VSRUHV LQ D ODUJH FRGH EDVH RI DSSOLFDWLRQV EDVHG RQ
WKH $SDFKH 6SDUN IUDPHZRUN IRU ELJ GDWD DQDO\WLFV�

��� 8VLQJ 6SRUHV ,QVWHDG RI &ORVXUHV

,Q WKLV VHFWLRQ ZH PHDVXUH WKH QXPEHU RI FKDQJHV UHTXLUHG WR FRQYHUW H[LVWLQJ SURJUDPV
WKDW FUXFLDOO\ UHO\ RQ FORVXUHV WR XVH VSRUHV� :H DQDO\]H D QXPEHU RI UHDO 6FDOD SURJUDPV�
WDNHQ IURP WKUHH FDWHJRULHV�

�� *HQHUDO� FORVXUH�KHDY\ FRGH� WDNHQ IURP WKH H[HUFLVHV RI WKH SRSXODU 022& RQ
)XQFWLRQDO 3URJUDPPLQJ 3ULQFLSOHV LQ 6FDOD� WKH JRDO RI DQDO\]LQJ WKLV FRGH LV WR JHW
DQ DSSUR[LPDWLRQ RI WKH ZRUVW�FDVH HIIRUW UHTXLUHG ZKHQ FRQVLVWHQWO\ XVLQJ VSRUHV
LQVWHDG RI FORVXUHV� LQ D PRVWO\�IXQFWLRQDO FRGH EDVH�

�� 3DUDOOHO DSSOLFDWLRQV EDVHG RQ 6FDOD¶V SDUDOOHO FROOHFWLRQV� 7KHVH H[DPSOHV HYDOXDWH
WKH SUDFWLFDOLW\ RI XVLQJ VSRUHV LQ D SDUDOOHO FRGH EDVH WR LQFUHDVH LWV UREXVWQHVV�

�� 'LVWULEXWHG DSSOLFDWLRQV EDVHG RQ WKH $SDFKH 6SDUN FOXVWHU FRPSXWLQJ IUDPHZRUN� ,Q
WKLV FDVH� ZH HYDOXDWH WKH SUDFWLFDOLW\ RI XVLQJ VSRUHV LQ 6SDUN DSSOLFDWLRQV WR PDNH
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How much effort is required to convert existing 
programs that crucially rely on closures to 
spores? 

For each closure, we had to change 1.4LOC 
on average, or only 45/1503 LOC 

Mini Empirical Study
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#2
How widespread are patterns that can be 
statically enforced by spores?

67.2% of all closures can be automatically converted. 

The remaining 32.8% capture only 1.39 variables on 

average.  

Thus, unchecked patterns are widespread in real 

applications, and require only little overhead to 

enable spore guarantees.

Mini Empirical Study
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How widespread are 
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Question:

Different kinds:

- Implicit parameters/val (configuration) 

- Typeclasses 

- Coercions



Implicits are popular.
…more than we thought.
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…more than we thought.

Average lines of 

code per project:

31,135

Scala 

projects120

Average # 

of stars per 

project:

1,977

implicit  

  parameters

implicit vals

30.39%

44.22%

3.86%

21.01%

implicit 

 

defs

implicit objects

together often used 
for configuration!

Overall implicits 
usage.

42% of all implicits 
used across all 
projects analyzed are 
implicit parameters.

What sorts of implicits 

do projects use?

Some of the projects 

we analyzed:

make use of  

   some kind  

    of implicits

94.17%

don’t use 

implicits

5.83%

How many projects 

make use of implicits?

of the 120 most popular Scala projects 
on GitHub?

Lines of code 

analyzed:

3.7 million

We analyzed the most 

popular Scala projects 

on GitHub

How much of each code 

base uses implicits?

Average percentage of 
project source files 
using implicits.24% apache/spark

twitter/finagle
twitter/util

mesosphere/
marathon
intel-analytics/
BigDL

paypal/squbs
guardian/grid
Netflix/atlas
gatling/gatling
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