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1. Introduction

Rose [2] is an experimental language to specify and simulate routers. Using ROSE one can describe a router software by means of Click router model. 
A router is a device which principal function is receive internet information packets and send them to the corresponding path, in this way, the router context is located at network borders interconnecting heterogeneous comunication links among neighbor computer networks.
Formerly, routers have been manufactured only with electronic components so, they were hardware devices. Recently have had efforts in design of routers software, as result of this, there is a trend towards build heavy software libraries that resolves all router functions adding new features, i.e. packet filtering, address translation, run proxies, performance monitoring and other. The name gived to this new kind of router is extensible router [4].
Click [1] is an extensible router based on composing many simple elements to produce a system that implements the desired behavior. An element is a class written in C++, represents a basic router functionality. Each element may have multiple ports to connect it to other elements, they draw packets flow. The aspects like bring packets from a device, packets modification, dropping policies, queuing and schedulig are modeled by elements, and the flow points between them are the ports.
Here, we introduce Rose, a domain-specific language—based on Click—for router specification. Rose is embedded in the declarative multi-paradigm language Curry [3], which integrates features from the most popular declarative paradigms (namely, functional, logic and concurrent programming). Therefore,  router configurations are first-class objects in Curry, which allows us to use the higher-level facilities of Curry, such as higher-order combinators, constraints, laziness, logical variables, etc. Moreover, there already exists a number of tools for transforming, optimizing, and verifying Curry programs—with a solid theoretical basis—that are also available to the programmer. Let us clarify that we do not intend to compete with Click. Rather, our aim is to develop a complementary approach. For instance, one can use Rose during the first design phases and, then, (automatically) translate the developed specification into Click.

Furthermore, one can translate an existing Click configuration into Rose to perform some transformation and analyses and, then, translate the result back into Click. In other words, we do not plan to develop software routers in Curry (as Click does), only their semantic specification. Consequently, Rose elements only contain high level information which is useful for analysis, simulation, optimization, verification, etc.

2. Click Router and elements

Further we will show Click elements its definition, use and design considerations in order to model them in Curry.

2.1 ARPQuerier
Click element; encapsulates IP packets in Ethernet headers found via ARP 

Synopsis: 

ARPQuerier(I, E) 




ARPQuerier(NAME) 

Description : Handles most of the ARP protocol. Argument I should be this host’s IP address, and E should be this host’s Ethernet address. (In the one-argument form, NAME should be shorthand for both an IP and an Ethernet address; see AddressInfo(n).) 

Packets arriving on input 0 should be IP packets, and must have their destination address annotations set. If an Ethernet address is already known for the destination, the IP packet is wrapped in an Ethernet header and sent to output 0. Otherwise the IP packet is saved and an ARP query is sent instead. If an ARP response arrives on input 1 for an IP address that we need, the mapping is recorded and the saved IP packet is sent. 

The ARP reply packets on input 1 should include the Ethernet header. 

If a host has multiple interfaces, it will need multiple instances of ARPQuerier. 

Examples:

   c :: Classifier(12/0806 20/0001, 12/0800, ...);

   a :: ARPQuerier(18.26.4.24, 00:00:C0:AE:67:EF);

   c[0] -> a[1];

   c[1] -> ... -> a[0];

   a[0] -> ... -> ToDevice(eth0);

2.2 ARPResponder
Click element; generates responses to ARP queries 

Synopsis:  ARPResponder(IP/MASK1 [IP/MASK...] ETH1, IP/MASK2 ETH2, ...) 

Description : Input should be ARP request packets, including the Ethernet header. Forwards an ARP reply if we (ARP protcol) know the answer -- that is, if one of the IPPREFIX arguments matches the requested IP address, then it outputs an ARP reply giving the corresponding ETH address. Could be used for proxy ARP as well as producing replies for a host’s own address. 

The IP/MASK arguments are IP network addresses (IP address/netmask pairs). The netmask can be specified in CIDR form (‘18.26.7.0/24’) or dotted decimal form (‘18.26.7.0/255.255.255.0’). 
Examples: Produce ARP replies for the local machine (18.26.4.24) as well as proxy ARP for all machines on net 18.26.7 directing their packets to the local machine: 
  c :: Classifier(12/0806 20/0001, ...);

  ar :: ARPResponder(18.26.4.24 18.26.7.0/24 00:00:C0:AE:67:EF);

  c[0] -> ar;

  ar -> ToDevice(eth0);

2.3 CheckIPHeader
Click element; checks IP header 

Synopsis : CheckIPHeader([OFFSET, keywords OFFSET, INTERFACES, BADSRC, GOODDST, CHECKSUM, VERBOSE, DETAILS])
Description: Input packets should have IP headers starting OFFSET bytes in. Default OFFSET is zero. Checks that the packet’s length is reasonable, and that the IP version, header length, length, and checksum fields are valid. Checks that the IP source address is a legal unicast address, or that the packet is destined for one of this machine’s addresses (see below). Shortens packets to the IP length, if the IP length is shorter than the nominal packet length (due to Ethernet padding, for example). Also sets the destination IP address annotation to the actual destination IP address. 

CheckIPHeader emits valid packets on output 0. Invalid packets are pushed out on output 1, unless output 1 was unused; if so, drops invalid packets. 

CheckIPHeader checks packets’ source addresses for validity if one or more of the INTERFACES, BADSRC, and GOODDST keyword arguments are supplied (RFC1812 5.3.7). 

CheckIPHeader prints a message to the console the first time it encounters an incorrect IP packet (but see VERBOSE). 

2.4 Classifier
Click element; classifies packets by contents 

Synopsis:  Classifier(pattern1, ..., patternN) 

Description: Classifies packets. The Classifier has N outputs, each associated with the corresponding pattern from the configuration string. A pattern is a set of clauses, where each clause is either "offset/value" or "offset/value%mask". A pattern matches if the packet has the indicated value at each offset.  – matches every packet.

Examples: 


Classifier(12/0806 20/0001, 12/0806 20/0002, 12/0800,-);

2.5 DecIPTTL
Click element; decrements IP time-to-live, drops dead packets 

Synopsis: DecIPTTL 

Description: Expects IP packet as input. If the ttl is <= 1 (i.e. has expired), DecIPTTL sends the packet to output 1 (or discards it if there is no output 1). Otherwise it decrements the ttl, re-calculates the checksum, and sends the packet to output 0. 

Ordinarily output 1 is connected to an ICMP error packet generator. 

Examples: This is a typical IP input processing sequence: 

  ... -> CheckIPHeader -> dt::DecIPTTL -> ...

  dt[1] -> ICMPError(18.26.4.24, 11, 0) -> ...

2.6 Discard
Click element; drops all packets 

Synopsis: Discard 

Description: Discards all packets received on its single input. 

2.7 DropBroadcasts
Click element; drops link-level broadcast and multicast packets 

Synopsis: DropBroadcasts 

Description: Drop packets that arrived as link-level broadcast or multicast. Used to implement the requirement that IP routers not forward link-level broadcasts. 

2.8 FixIPSrc
Click element; sets IP source field if requested by annotation 

Synopsis: FixIPSrc(IPADDR) 

Description: Expects an IP packet as input. If its Fix IP Source annotation is set, then changes its IP source address field to IPADDR and recomputes the checksum. Used by elements such as ICMPError(n) that are required by standards to use the IP address on the outgoing interface as the source. Also clears the Fix IP Source annotation. 

2.9 FromDevice
Click element; reads packets from network device (kernel) 

Synopsis:  FromDevice(DEVNAME [, PROMISC, BURST, KEYWORDS] ) 

Description: Intercepts all packets received by the Linux network interface named DEVNAME and pushes them out output 0. The packets include the link-level header.  

It emits at most BURST packets per scheduling; BURST is 8 by default. If PROMISC is set (by default, it is not), then the device is put into promiscuous mode. It has KEYWORDS that modifies its operation. 

Examples:  

f: FromDevice(eth0) 

p: Print()

f -> print

2.10 GetIPAddress
Click element; sets destination IP address annotation from packet data 

Synopsis: GetIPAddress(OFFSET) 

Description: Copies 4 bytes from the packet, starting at OFFSET, to the destination IP address annotation. OFFSET is usually 16, to fetch the destination address from an IP packet. 
2.11 ICMPError
Click element; generates ICMP error packets 

Synopsis: ICMPError(IPADDR, TYPE, CODE [, BADADDRS]) 

Description: Generate an ICMP error packet, with specified TYPE and CODE, in response to an incoming IP packet. The output is an IP/ICMP packet. The ICMP packet’s IP source address is set to IPADDR. The error packet will include (as payload) the original packet’s IP header and the first 8 byte of the packet’s IP payload. ICMPError sets the packet destination IP and fix_ip_src annotations. 

The intent is that elements that give rise to errors, like DecIPTTL(n), should have two outputs, one of which is connected to an ICMPError. Perhaps the ICMPError()s should be followed by a rate limiting element. 

ICMPError never generates a packet in response to an ICMP error packet, a fragment, or a link broadcast. BADADDRS is an optional list of bad IP addresses; if it is present, then ICMPError doesn’t generate packets in response to packets with one of those addresses as either source or destination. 

The output of ICMPError should be connected to the routing lookup machinery, much as if the ICMP errors came from a hardware interface. 

Examples: This configuration fragment produces ICMP Time Exceeded error messages in response to TTL expirations, but limits the rate at which such messages can be sent to 10 per second: 

  dt : DecIPTTL;

  dt[1] -> ICMPError(18.26.4.24, 11, 0) -> m :: RatedSplitter(10) -> ...

  m[1] -> Discard;

2.12 InfiniteSource
Click element; generates packets whenever scheduled 

Synopsis: InfiniteSource([DATA, LIMIT, BURST, ACTIVE?, KEYWORDS]) 

Description: Creates packets consisting of DATA. Pushes BURST such packets out its single output every time it is scheduled (which will be often). Stops sending after LIMIT packets are generated; but if LIMIT is negative, sends packets forever. Will send packets only if ACTIVE is true. (ACTIVE is true by default.) Default DATA is at least 64 bytes long. Default LIMIT is -1 (send packets forever). Default BURST is 1. 

2.13 IPFragmenter
Click element; fragments large IP packets 

Synopsis: IPFragmenter(MTU, [HONOR_DF]) 

Description: Expects IP packets as input. If the IP packet size is <= MTU, just emits the packet on output 0. If the size is greater than MTU and the don’t-fragment bit (DF) isn’t set or HONOR_DF is false, IPFragmenter splits the packet into fragments emitted on output 0. If DF is set, HONOR_DF is true, and the packet size is greater than MTU, sends to output 1. 

The default value for HONOR_DF is true. 

Ordinarily output 1 is connected to an ICMPError(n) element with type 3 (UNREACH) and code 4 (NEEDFRAG). 

Examples:

  ... -> fr::IPFragmenter -> Queue(20) -> ...

  fr[1] -> ICMPError(18.26.4.24, 3, 4) -> ... 

2.14 IPGWOptions
Click element; processes router IP options 

Synopsis: IPGWOptions(MYADDR [, OTHERADDRS]) 

Description: Process the IP options that should be processed by every router. MYADDR is the router’s IP address on the interface downstream from the element. 

Recomputes the IP header checksum if it modifies the packet. 

The optional OTHERADDRS argument should be a space-separated list of IP addresses containing the router’s other interface addresses. It is used to implement the Timestamp option.

2.15 LookupIPRouteMP
Click element; simple static IP routing table 

Synopsis: LookupIPRouteMP(DST1/MASK1 [GW1] OUT1, DST2/MASK2 [GW2] OUT2, ...) 

Description:  Element needs a routing table, formed by target address, mask, gateway address and output port.

2.16 Paint
Click element; sets packet paint annotations 

Synopsis : Paint(X) 

Description:  Sets each packet’s paint annotation to X, an integer 0..255. Note that a packet may only be painted with one color
2.17 PaintTee
Click element; duplicates packets with given paint annotation 

Synopsis: PaintTee(X) 

Description: PaintTee sends every packet through output 0. If the packet’s color annotation is equal to X (an integer), it also sends a copy through output 1. 

Examples: Intended to produce redirects in conjunction with Paint(n) and ICMPError(n) as follows: 

  FromDevice(eth7) -> Paint(7) -> ...

  routingtable[7] -> pt :: PaintTee(7) -> ... -> ToDevice(eth7)

  pt[1] -> ICMPError(18.26.4.24, 5, 1) -> [0]routingtable;

2.18 Print
Click element; prints packet contents 

Synopsis: Print([TAG, NBYTES, KEYWORDS]) 

Description: Prints up to NBYTES bytes of data from each packet, in hex, preceded by the TAG text. Default NBYTES is 24. 
2.19 Queue
Click element; stores packets in a FIFO queue 

Synopsis:   
Queue 



Queue(CAPACITY) 

Description: Stores incoming packets in a first-in-first-out queue. Drops incoming packets if the queue already holds CAPACITY packets. The default for CAPACITY is 1000. 

2.20 Strip
Click element; strips bytes from front of packets 

Synopsis : Strip(N) 

Description:  Deletes the first N bytes from each packet. 

Examples:  Use this to get rid of the Ethernet header: 



Strip(14)

2.21 ToDevice
Click element; sends packets to network device (kernel) 

Synopsis: ToDevice(DEVNAME [, BURST, KEYWORDS]) 

Description: Pulls packets from its single input and sends them out the Linux network interface named DEVNAME. DEVNAME may also be an Ethernet address, in which case ToDevice searches for a device with that address. 

Sends up to BURST packets each time it is scheduled. By default, BURST is 16. For good performance, you should set BURST to be 8 times the number of elements that could generate packets for this device. 

Packets must have a link header. For Ethernet, ToDevice makes sure every packet is at least 60 bytes long. 

2.22 ToLinux
Click element; sends packets to Linux 

Synopsis: ToLinux([DEVNAME]) 

Description: Hands packets to the ordinary Linux protocol stack. Expects packets with Ethernet headers. 

You should probably give Linux IP packets addressed to the local machine (including broadcasts), and a copy of each ARP reply. 

If DEVNAME is present, each packet is marked to appear as if it originated from that network device -- that is, its device annotation is set to that device. As with ToDevice(n), DEVNAME can be an Ethernet address. 

3. Curry elements, their programming.

In this section we introduce Rose, a domain-specific language —Click based— for router specification. Rose is an acronym composed by the sentence, “ROuter SpEcification Language”, which is embedded in Curry, a declarative multi-paradigm language that integrates features from the most popular declarative paradigms (namely, functional, logic and concurrent programming). 

Let us clarify that we do not intend to compete with Click. Rather, our aim is to develop a complementary approach. We do not plan to develop software routers in Curry (as Click does), only their semantic specification. Consequently, Rose elements only contain high level information which is useful for analysis, simulation, optimization, verification, etc.

Befere use Rose library we should know Rose data types, these are available to call and set elements with certain parameters.

3.1 Elements format and configuration data
All the elements share a common format:
type Packet = [Int]

type Stream = [Packet]

element :: [Conf] -> [Stream] -> [Stream]

Stream is a type that represents the packets flow, is a list of packets list. A packet is represented by one list of integers. In this way we can resemble the Stream as a port set where the port 0 is the packets list 0, and equal with the next. 
Every element might need a configuration string [Conf], which can be formed by the following type of constructors and data constructors:
data Conf = Eth0 |Eth1 |E1ArpQ |I Int |Pat [Int] |Col Int |Ip [Int] |Eth [Int] |Mapt [Patt_mapTable] |Queue [Stream] | Err Ip Int Int | RT [Patt_route] | Eh [Int] | Ttl Int  
	Data constructors:
	Function:

	Eth0, Eth1, E1ArpQ
	They are constants to refer to ethernet device  0 or 1 (see section 4.1)

	I Int
	For using with elements that need an integer value

	Pat [Int]
	Data constructor Pat, used with classifier plus a list of integers

	Col Int
	This is invoked to set color (paint element)

	Ip [Int]
	To pass an IP address like argument

	Eth [Int]
	To pass an ethernet address

	Mapt [Patt_mapTable]
	It is the type of mapping table used by ARP protocol

	Queue [Stream]
	To pass a queue buffer

	Err Ip Int Int
	To send an error configuration

	RT [Patt_route]
	To send the routing table

	Eh [Int]
	To pass an ethernet header (source and target)

	Ttl Int
	To pass TTL field value of an IP packet


In an uniform way all elements can make use of the list of settings, though there are elements that do not require configuration arguments.
3.2 Connectors

There are functions to connect the elements or binary operators as below:
Connector 1 to 1, this  links an element from output port 0 to incoming port 0 of second element.
(->-)::([Stream]->[Stream])->([Stream]->[Stream])->[Stream]->[Stream]

elem1 ->- elem2 = \inp -> let med=elem1 inp 

                               in elem2 med

Connector 1 to 1 stopping empty streams, this  links an element from output port 0 of first element to incoming port 0 of a second element.

(-@-)::([Stream]->[Stream])->([Stream]->[Stream])->[Stream]->[Stream]

elem1 -@- elem2  = \inp -> stopnulls elem1 elem2 inp

stopnulls elem1 elem2 inp |  inp/=[[]] = let med=elem1 inp 

                                         in elem2 med

Connector elem [port] to 1:  here, this connector extracts to element 1 the packets flow from port indicated, and applies it to port 0 in element 2.
(=>-)::(([Stream]->[Stream]), Int )->([Stream]->[Stream])->
[Stream]->[Stream]

(elem1, sp) =>- elem2 = \inp ->let mid = elem1 inp

                               in elem2 [mid !! sp]

Connector elem1 [port] to [port] elem2:  It connects the flow from port indicated in element 1 and delivers a stream to element 2 in port indicated.
(=>=)::(([Stream]->[Stream]), Int )->(Int,([Stream]->[Stream]) )->[Stream]->[Stream]

(elem1, sp) =>= (tp, elem2) = \inp ->let mid = elem1 inp

                           in elem2 (  inst tp (mid !! sp) [[[ ]]]    )

inst r st sts = if r==0 then (st:sts)

                     else  (sts!!0) : (inst (r-1) st (tail sts))

3.3 Elements
Further, we are going to present a set of elements programmed in Curry. The principal goal is provide the necessary elements to write a router Click.
3.3.1 Element arpQuerier in Curry
arpQuerier is a Click Element that implements ARP behaviour to map addresses from IP to MAC format. 
Synopsis:  arpQuerier [Ip [154,250,159,1], Eth [1,5,9,0,0,1], 

Mapt mapTable1    ]

Description:  Inside the router, when this element receives an IP packet to transmit it, if arpQuerier not possesses the corresponding MAC address, throws an ARP request packet to get it.  

The input to this element come in by two ports. At port 0, IP packets, at port 1, responses from ARP requests.
arpQuerier has been designed in the following way. It needs a mapping table (Mapt mapTable1) in order to translate an IP address to MAC address,  in such a way that its first argument must contains a mapping IP-MAC table, composed by pairs (IP, MAC) as this:
mapTable1 = [ ([154,250,159,2],[01,05,09,00,00,02]), 
              ([154,250,159,3],[01,05,09,00,00,03]) ]

In a configuration list, arguments at head are: local IP (Ip)  and MAC (Eth) address besides the mapping table.
Code: 

arpQuerier :: [Conf] -> [Stream] -> [Stream]

arpQuerier _ [] = []

arpQuerier conf (st:sts) = arpQuerier_ conf st: arpQuerier conf sts

arpQuerier_   (c:d:e:es) st= arpQ_ st c d e 

  where

   arpQ_ [] _ _ _ = []

   arpQ_ (p:ps) (Ip ipl) (Eth ethl) (Mapt m)= 
           arpQuery p ipl ethl m : arpQ_ ps (Ip ipl) (Eth ethl) (Mapt m)

arpQuery :: Packet-> Ippatt -> Ethpatt ->[Patt_mapTable]-> Packet

arpQuery pk iploc ethloc mapTable  

     |  (eth !! 0) == -1 =  (ethloc++ broadcst ++ [8,6,0,1,8,0,6,4,0,1]
                                      ++ethloc++iploc++broadcst++iptgt ) 

     |  otherwise        =  (ethloc++eth++[8,0]++pk) 

     where

          iptgt = subList 4 begIpTarg pk

          eth = ethIfisIPinMap iptgt mapTable

                       --search ip in maptable return Eth

ethIfisIPinMap::  Ippatt -> [Patt_mapTable]-> Ethpatt    
ethIfisIPinMap iptgt [] = [-1]

ethIfisIPinMap iptgt ((ipmap,eth):xs)= 
                      if (isIPin iptgt ipmap 0)  then eth 
                      else ethIfisIPinMap iptgt xs

3.3.2 Element arpResponder in Curry
arpResponder is a Click Element that implements ARP behaviour to contest an ARP request that wants a MAC address from IP address. 
Synopsis:  arpResponder [Mapt mapTable ]

Description: Trough LAN cord flows several kind of packets: Ethernet, ARP request or ARP replies, the second is a MAC requirement which is from other hosts.  arpResponder function consists in pick the packet requests up and to answer with the corresponding MAC address if the IP searched is the ours.
It needs an argument to work, a mapping table (equal to arpQuerier), with local ethernet and ip addresses at head.  
arpResponder can operate as an ARP proxy, which is needed to routers.

mapTable = arpResponder [Mapt [ ([154,250,159,1],[01,05,09,00,00,01]),

                                ([148,208,179,1],[01,05,09,00,00,01]) ] ]

Code: 

arpResponder :: [Conf] -> [Stream] -> [Stream]

arpResponder [Mapt m] [ps] = [arpResponder_ m ps]

    where

         arpResponder_  _ []     = []

         arpResponder_  m (q:qs) =  arpResponse m q : arpResponder_ m qs

arpResponse m p =  let (i,e)= arpResponder__ m p

                   in if i == [] then []

                      else arpReplay p i e m

arpReplay pq i e ((il,el): ms)= ethHdr ++ body

   where

        ethHdr = el ++ (take 6 pq)

        body = [8,6,0,1,8,0,6,4]++[0,2] ++ e ++ i ++ (take 6 pq) ++ 
               (take 4 (drop 28 pq))

arpResponder__  [] pq = ([],[])

arpResponder__ ((i,e): ms) pq =  if  (isIPin i pq 38)  then (i,e)

                                else arpResponder__ ms pq

If mapping is matched, the element builds an ARP reply packet answering the request source and this will contain the MAC asked. If a request packet is not for us, we return a null list [].

3.3.3 Element checkIPHeader in Curry

It verifies some rules to source ip address.

Synopsis:  checkIPHeader [] 

Description: This element checks the correct source ip address inside a packet, in two ways, it must be no universal (0.0.0.0) and no broadcast address. It drops invalid packets
Code: 
checkIPHeader :: [Conf] -> [Stream] -> [Stream]

checkIPHeader  _ [st]= [checkIPHeader_ st]

       where

           checkIPHeader_  []    = []

           checkIPHeader_ (p:ps) = if (  checkIPvalid (subList 4 12 p) ) 
                                        then p : checkIPHeader_ ps

                                   else  checkIPHeader_ ps

checkIPvalid ip = if ( (isBroadCastIP ip) || (isUnivIP ip) ) then False
                  else True

3.3.4 Element classifier in Curry

It is a Curry element that classifies packets according its kind (ARP request, ARP response or IP packet).  It hurls ARP queries at port 0, ARP responses at port 1 and IP packets at port 3.  
Synopsis:  classifier  [ Pat [val,off,val,off,..., port ], Pat [ ], ... ] 

Description: Classifies packets. The Classifier has N outputs each, associated with the corresponding  pattern from the configuration list. A pattern is a list of Pat, e.g. 
[Pat [12,8,13,6,21,1,0], Pat [12,8,13,6,21,2,1], Pat  [12,8,13,0,2] ]

where each   Pat has "offset, value, offset, value…port". A pattern matches if the packet has the indicated value at each offset, then its output is specified in port .

Code: 

classifier :: [Conf] -> [Stream] -> [Stream]

classifier pats [p:ps] = ins n p qs 

                         where n = class pats p

                               qs = classifier pats [ps]

classifier _ [[]]    = [ [], [], [] ]

--a pattern is a list [pos,val,pos,val,...,pos,val,n]

class (Pat pat : pats) p = let n = class_ pat p 

                           in if n == (-1) then class pats p else n

class_ [n] _ = n

class_ (pos:val:es) p = if p!!pos == val then class_ es p else -1

3.3.5 Element decIPTTL in Curry

It decrements an IP packet TTL field

Synopsis:  decIPTTL []
Description: It decrements in 1 TTL field, if this is less than 1 drops packet and emits an ICMP error packet.
Code: 

decIPTTL :: [Conf] -> [Stream] -> [Stream]

decIPTTL  _ [p:ps] =  ins n p2 qs 

                      where (p2,n) = decIPTTL_ p

                            qs= decIPTTL [] [ps]

decIPTTL  _  [[]] = [[], []]

decIPTTL_ p =  let pk = appf p (\x->x-1) ttl

               in if ( pk !! ttl ) > 0 then (pk,0)

                     else (pk,1)

3.3.6 Element discard in Curry

It is a sink element.
Synopsis:  decIPTTL []
Description: Arriving packets here are dropped.

Code:

discard :: [Conf] -> [Stream] -> [Stream]

discard _ _ = []

3.3.7 Element dropBroadcasts in Curry

It drops link-level broadcast packets.
Synopsis:  dropBroadcasts []
Description: Arriving packets here marked with link-level broadcast are dropped.

Code:

dropBroadcasts :: [Conf] -> [Stream] -> [Stream]

dropBroadcasts  _ [st] = [dropBroadcasts_ st]

       where

           dropBroadcasts_ [] = []

           dropBroadcasts_ (p:ps) = if ( doDropBroadcasts p ) 
                                          then dropBroadcasts_ ps 

                                    else  p: dropBroadcasts_ ps

doDropBroadcasts pk = if  ( (pk !! llbAnnIP ) == 0) then False 
                      else True 

3.3.8 Element fixIPSrc in Curry

It puts ip source when an error packet is delivered

Synopsis:  fixIPSrc [Ip [154,250,159,1]]
Description: When an error occurs, an ICMP packet is delivered, then fixIPSrc takes care of fix the IP source address, rather, it puts IP address of Ethernet output device into IP source address field. [Ip [154,250,159,1]] is the configuration list that contains the local IP address
Code:
fixIPSrc :: [Conf] -> [Stream] -> [Stream]

fixIPSrc [Ip src] [st] = [fixIPSrc_ st src]

         where

           fixIPSrc_  []    _   = []

           fixIPSrc_ (p:ps) src = 
                       if (p !! fixIpAnnIP) == 1 then 
                              fixIPSrc__ p src : fixIPSrc_ ps src

                       else p : fixIPSrc_ ps src  

fixIPSrc__ p ipsrc =  putIPin ipsrc (appf p (\_->0) fixIpAnnIP) 12   
3.3.9 Element  fromDevice in Curry

Remember the design way, we need elements to simulation, we will not have a real packets medium, therefore we will create artificial packets by means of infiniteSource function.  

Synopsis:    
fromDevice [eth]
         
fromDevice (eth : I n : [])

Description: Inside of fromDevice, we call infiniteSource to produce flow, fromDevice takes packets, it has two forms, whether, it collects them from infinite flow or can produce a finite packets number.

Code: 

fromDevice [eth] [] = infiniteSource [eth] []

fromDevice (eth : I n: qs) [] = [take n (head (infiniteSource [eth] [])) 

3.3.10 Element  getIPAddress in Curry

It copies IP target address to IP target address annotation in a packet
Synopsis:    
getIPAddress []

Description:   Takes IP target address from its field, and puts it in target address annotation.
Code: 

getIPAddress :: [Conf] -> [Stream] -> [Stream]

getIPAddress  _ [st]= [getIPAddress_ st]

       where

           getIPAddress_  []    = []

           getIPAddress_ (p:ps) = 
                        putIPin (subList 4 16 p) p 25: getIPAddress_ ps

3.3.11 Element  icmpError in Curry

Throws a new IP packet that contains an ICMP error code.
Synopsis:    icmpError [Err ips t c ]
Description:    An ICMP packet is certaInly an error packet, but it is still an IP packet. This function is called when an error occurs. Calling requires Err plus IP source address (ips)  plus error type (t) and finally error code (c).
Code: 

icmpError :: [Conf] -> [Stream] -> [Stream]
icmpError [Err ips t c ] [ps] = [icmpError_ ps]
    where

       icmpError_ []     = []

       icmpError_ (q:qs) = icmpError__ q ips t c : icmpError_ qs

icmpError__ :: Packet -> [Int] -> Int -> Int-> Packet

icmpError__ pk ipsrc typ code = out

   where

       pktyped = appf pk      (\_->typ ) 20  -- puts type & code of error

       pkcoded = appf pktyped (\_->code) 21  
       pktgted = putIPin  (subList 4 12 pkcoded) pkcoded begIpTarg  

       pksrced = putIPin  ipsrc pktgted 12

       i = appf pksrced (\_->0)  colAnnIP      -- del col ann 
       j = appf i       (\_->255) ttl          -- beg ttl field    

       out = appf j     (\_->1)  fixIpAnnIP    -- put flag fix ip source

3.3.12 Element infiniteSource in Curry

It is a packet producer.
Synopsis:  infiniteSource [eth]
Description:    This function produces infinite lists of packets,  the kind of these are  IP packets and ARP packets (in ROSE) in order to test elements.
Code: 

-------------// infiniteSource: produces ARP packets & IP packets

infiniteSource :: [Conf] -> [Stream] -> [Stream]

infiniteSource [eth] [] = [infiniteSource_ eth]

   where

        infiniteSource_ Eth0 = (newPacket     : infiniteSource_ Eth0)

        infiniteSource_ Eth1 = (newPacket2    : infiniteSource_ Eth1)

        infiniteSource_ E1ArpQ=(newARP1Packet : infiniteSource_ E1ArpQ)

3.3.13 Element ipFragmenter in Curry

This elemen takes care of packet size.
Synopsis:  ipFragmenter [I size]   
Description:    When packet size is less than indicated in argument, it is sent off by port 0, if not, an error ICMP es created and conduced by port 1.
Code: 

ipFragmenter :: [Conf] -> [Stream] -> [Stream]

ipFragmenter [I size] [p:ps]  = ins n p qs 

                      where n = if (length p) <= size then 0 else  1

                            qs= ipFragmenter [I size] [ps]

ipFragmenter _  [[]] = [[],[]]

3.3.14 Element ipgwOptions in Curry

It should execute specific functions related to router 
Synopsis:  ipgwOptions []   

Description:  In ROSE this element do not achieve anything.
Code: 

------------------------// Functions specifics to router

ipgwOptions :: [Conf] -> [Stream] -> [Stream]

ipgwOptions  _ x = x

3.3.15 Element lookUpIPRoute in Curry
It routes packets and mark them with output port annotation
Synopsis:  lookupIPRoute []   

Description:  Properly this element is responsible of routing packets. It achieves selection of output path. It sees IP target address and applies this to routing table,  when is fetching by option paths does matching considering masks. It selects the correct output based on IP target address annotation and routing table.

This element needs a routing table, we implement it as a data structure, rather, we must to have a routing table named rtable, in order to execute routing. 
Routing table format is;

rtable = [ 
([154,250,159,1],32,[127,0,0,1]  ,0),
([154,250,159,0],24,[70,71,72,73],1), 
([148,208,179,9],32,[127,0,0,1]  ,0), 
([148,208,179,0],24,[80,81,82,83],2),  
([0,0,0,0],       0,[90,91,92,93],2) ]

It is a list of quadruples (network or host IP address, mask, next hope and output port). Most specific address goes before general address. When algorythm finds a matching then choose its output port.
Code: 

lookupIPRoute :: [Conf] -> [Stream] -> [Stream]

lookupIPRoute [] [p:ps] = ins n pk qs 

                          where (pk,n)  = lookup p rtable

                                qs      = lookupIPRoute [] [ps]

lookupIPRoute _ [[]]  = [ [],[],[] ]

                        -- if not match in first route try again

lookup pk (r:rs) = let (packet,eth) = lookup_ r pk 0 

                   in if (eth == (-1)) then lookup pk rs 
                      else (packet, eth)          -- it has matched

lookup_   (ippat, mask, gw, eth) pk n          --match!!!...makes packet

    | mask == 0  = lookup__  pk eth gw                     --try match
    | mask >  0  = if (ippat !! n) == (pk !! (begIpTarg+n))  
                      then lookup_ (ippat, (mask-8),gw,eth) pk (n+1)

                   else (pk,-1)                    -- not match

lookup__ pk eth gw = 
      if ((gw !! 0)/=(-1))   then (out,eth)  
      else (pk, eth)    
        where                                         

          out = appf (putIPin gw pk iptgAnnIP) (\_-> eth ) outEthAnnIP

3.3.16 Element paint in Curry
Puts color annotation  
Synopsis:  paint [Col c] []   

Description: A color annotation (c) is a number, a mark that identifies the input branch of a router.
paint :: [Conf] -> [Stream] -> [Stream]

paint [Col c] [st]= [paint_ c st]

       where

           paint_ _  []    = []

           paint_ c (p:ps) = appf p (\_->c) colAnnE   : paint_ c ps

3.3.17 Element paintTee in Curry
It generates an error when a packet leaves same ethernet card what it entered
Synopsis:  paintTee [Col c] []   

Description: We can tell you, this element is a sentinel, when a packet is leaving by same port that come, it creates an error ICMP packet. For this, paintTee reviews color annotation with calling argument c.
paintTee :: [Conf] -> [Stream] -> [Stream]

paintTee  [Col c] [p:ps] = if (p!!colAnnIP)==c then ins 0 p (ins 1 p qs)

                           else ins 0 p qs

                              where qs = paintTee [Col c] [ps]

paintTee _ [[]] = [[]]

3.3.18 Element printf in Curry
Prints a packet
Synopsis:  paintTee [Col c] []   

Description:  Why do we use printf as print?. Prelude library has definides function print, by that, in ROSE we use printf.

printf :: [Conf] -> [Stream] -> [Stream]

printf  _   []     = []

printf  _  (s:sts) = printf_ s : printf [] sts

   where

        printf_ []     = []


printf_ (p:ps) = (p : printf_ ps)

3.3.19 Element queue in Curry
It places packets in Queue
Synopsis:  queue [Queue q]   

Description :   It puts down packets in q queue, remember Curry do not have state, by that, queue needs an argument (the queue buffer properly).
queue :: [Conf] -> [Stream] -> [Stream]

queue  [Queue q] st =  concat [q, st]

3.3.20 Element strip in Curry
It cuts part of packet

Synopsis:  strip [I n]

Description : If we cut 14 bytes, we obtain an IP packet from Ethernet packet. The function can cut n bytes beginning at head.
strip :: [Conf]->[Stream]->[Stream]

strip [I n] [ps]= [strip_ n ps]

       where

           strip_ _ []     = []

           strip_ m (q:qs) = drop m q : strip_ m qs

3.3.21 Element toDevice in Curry
It drops packets in LAN cord.

Synopsis:  toDevice []

Description :  It puts down packets from router to ethernet card and then in LAN cord.
toDevice :: [Conf] -> [Stream] -> [Stream]

toDevice [_] [ps] = [toDevice_ ps]

                      where

                        toDevice_ []     = []

                        toDevice_ (q:qs) = q : toDevice_ qs

3.3.22 Element toLinux in Curry
It hands packet to linux kernel.
Synopsis:  toDevice []

Description :  When a packet is directed to router, this passes it to linux kernel.
toLinux  :: [Conf] -> [Stream] -> [Stream]

toLinux _ [st] = [st]
3.4 Simulating functions

We have disposed two functions to achieve the router simulation, the first takes a router and invokes it giving the input waited. A finite router must implement a defined number of input packets, the element FromDevice as well as FromDevice_u, can do that. If the router presents no deterministic functions you should use this tool.
simulfr:: ([Stream] -> [Stream] )-> [Stream]  

simulfr elem = elem []

The second function receives two arguments, a number n, what specifies packets quantity and a router. Note that the currect function retrieves packets from an infinite output. Do not use when a router has non deterministic functions.
simuln::  Int -> ( [Stream] -> [Stream]  ) -> [Stream]

simuln n elem  = [ take n (head (elem []))  ]

4. Short guide with examples 

In this chapter we are going to describe use of ROSE, so, first we will explain the default case of specification, in a router, the functions work same with every packet, however, the information inside depends of network configuration (network address, IP source and target address, etc.), therefore, you can use our default data or you are able to create your customized packets.
After we are going to show the router writing style, set of connectors, and finally the elements with examples.
4.1 Default case and source data
We have prepared a default case, the purpose is offer a valid frame of data avoiding customize the packets source, that is to say, make easier than write your own network configuration. The following figure shows the case:


[image: image2]
In this way, we can call Eth0 (ethernet device 0)  to network interface card (NIC) 154.208.159.1 and Eth1 (ethernet device 1)   to   NIC 148.208.149.1. 
In some examples we are going to use Eth0 to refer to packets from network 154.250.159.0 an Eth1 from 148.208.149.0, for instance: fromDevice [Eth1, I 2] produces two (I 2) packets from network 148.208.149.0.

Anyhow you are able to assemble your own packets source:

EthHdr = [1,1,1,1,1,1,9,9,9,9,9,9]

TTLfld =  0

IPsrc  = [154,250,159,2]

IPtg   = [148,208,179,3]

fd     = fromDevice_u [I 3, Eh EthHdr, Ip IPsrc, Ip IPtg, Ttl TTLfld]

The above example creates three packets (I 3) with the ethernet header, TTL field, IP source and target address. Furthermore:
EthSrc = [1,5,9,0,0,5]

IPsrc  = [154,250,159,5]

IPtg   = [148,208,179,1]

fdu    = fromDevice_u [I 2, Ea EthSrc, Ip IPsrc, Ip IPtg]

This case generates two (I 2)  ARP request packets, fromDevice_u requires ethernet source address and the IP source and target address. We should recall that an ARP request asks the corresponding ethernet target address to an IP target address.
4.2 A router writing style

Rose library  has two types of connectors: functions or binary operators, either receive elements as parameters. The easiest way to write a router is by means of binary operators. 
Let us see:

At example, there are three elements. The middle element draw a bifurcation.
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When a bifurcation rise the modeler should write a new code block, one time by every output port, in order to enable loops, in this way:

fclas1 = classifier [Pat [12,8,13,6,21,1,0], Pat [12,8,13,6,21,2,1], 
      


Pat [12,8,13,0,2] ]

rin n = fromDevice [Eth0, I n ] ->-  rin2 
rin2  = (fclas1,0) =>- printf []

rin2  = (fclas1,1) =>- printf []

rin2  = (fclas1,2) =>- paint [Col 1]
The sense to put a new code block when a branch appears is because, is not possible to know at the beggining if the packet will pass by one path, nevertheless we can write all routes as no deterministic paths, it will correspond to Curry test them, searching a successfully answer. That is an advantage of logic-functional languages respect the purely functional or logic. 

Besides, when there is a loop this style permits execute it through calling their block name. We understand that we need a new code block when we want depict a ring.
A Click router is not a strict form, rather it can be seen as a packet flow diagram, which offers several paths selected or defined at runtime, consequently, we have tried make a domain specific language what permits represent the Click routers flow, Curry has helped us, thanks to its functional-logic features.
4.2 Connectors

In this shortguide we show the binary operators, which represent some possible forms of link elements.
	elem_a ->- elem_b
	It connects the elemen elem_a by port 0 with elem_b by port 0 

	(elem_a,n)=>-elem_b
	It connects the elemen elem_a by port n with elem_b by port 0 

	(elem_a,n)=>=(m,elem_b)
	It connects the elemen elem_a by port n with elem_b by port m


This set of connectors serve to describe packet flow in a router. There are examples in the section 4.4
4.3 Simulating functions

We dispose two functions in order to simulate routers, simuln to perform infinite routers (it needs n to force a defined number of packets) and simulfr to finite routers, use the last where a router presents no deterministic paths..
Example of simuln:
import rose

fd   = fromDevice [Eth0]

pr   = printf []

router =  fd ->- pr

ej_fromDevice> simuln 2 router

[[[1,1,1,1,1,1,9,9,9,9,9,9,8,0,4,5,7,7,0,0,2,2,200,80,0,0,154,250,159,2,148,208,179,3,7,7,7,7,-7,0,0,0,0,0,-1,0],[1,1,1,1,1,1,9,9,9,9,9,9,8,0,4,5,7,7,0,0,2,2,200,80,0,0,154,250,159,2,148,208,179,3,7,7,7,7,-7,0,0,0,0,0,-1,0]]]

ej_fromDevice> simuln 2 router

[[[1,1,1,1,1,1,9,9,9,9,9,9,8,0,4,5,7,7,0,0,2,2,200,80,0,0,154,250,159,2,148,208,179,3,7,7,7,7,-7,0,0,0,0,0,-1,0],[1,1,1,1,1,1,9,9,9,9,9,9,8,0,4,5,7,7,0,0,2,2,200,80,0,0,154,250,159,2,148,208,179,3,7,7,7,7,-7,0,0,0,0,0,-1,0]]]

Example of simufr, a router is finite if it has a finite packet source (that is made with a customized fromDevice element):

import rose

fd   = fromDevice [Eth1, I 2]

pr   = printf []

router =  fd ->- pr

ej_fromDevice2> simulfr router

[[[1,1,1,1,1,1,9,9,9,9,9,9,8,0,4,5,7,7,0,0,2,2,250,80,0,0,148,208,179,3,154,250,159,2,7,7,7,7,-7,0,0,0,0,0,-1,0],[1,1,1,1,1,1,9,9,9,9,9,9,8,0,4,5,7,7,0,0,2,2,250,80,0,0,148,208,179,3,154,250,159,2,7,7,7,7,-7,0,0,0,0,0,-1,0]]]

4.4 Elements

We present the ROSE elements with examples. Before, we should  have basic foundations on TCP/IP protocols.
How to declare elements?
Equal to purely functional languages you can write function definitions, like this. 

import rose

fd    = fromDevice [Eth1]

pa    = paint [Col 777]

pr    = printf [] 

And then link them.

router=  fd ->- pa ->- pr  
Whe can use a set of different arguments to configurate a router.
	Data constructors:
	Function:

	Eth0, Eth1, E1ArpQ
	Constants to refer to ethernet device  0 or 1 (see section 4.1)

	I Int
	For using with elements that need an integer value Int

	Pat [Int]
	Data constructor Pat, used with classifier plus a list of integers [Int]

	Col Int
	This is invoked to set color (paint element)

	Ip [Int]
	To pass an IP address [Int] like argument

	Eth [Int]
	To pass an ethernet address [Int]

	Mapt [Patt_mapTable]
	It is the type of mapping table used by ARP protocol [Patt_mapTable], that is pairs (IP,Eth): [([Int],[Int]),...] 

	Queue [Stream]
	To pass a queue buffer: [Stream]

	Err Ip Int Int
	To send an error configuration IP, type and code

	RT [Patt_route]
	To send the routing table [Patt_route]: [ IP, mask, next hop, output port ]:
[([Int],Int, [Int], Int),...]

	Eh [Int]
	To pass an ethernet header (source and target) [Int]

	Ttl Int
	To pass TTL Int field value of an IP packet


4.4.1 ARPQuerier

This element must convert an IP packet to an Ethernet packet in order to pass it  towards the elements that work with Ethernet packets.

How it does that?

It gets a MAC address for IP address by means of a mapping table or through (if it not has the corresponding MAC) sending the ARP request packet (as ARP protocol does). There is not real medium, it does not return responses.
In a real practicing ARP builds mapping table, here we pass it to the element as an argument.
arpQuerier [Ip [154,250,159,1], Eth [1,5,9,0,0,1], 

Mapt mapTable1    ]

The Inputs to this element come in by two ports. At port 0 IP packets, at port 1 responses from ARP requests.

arpQuerier needs a mapping table (Mapt mapTable1) in order to translate IP address to MAC address,  in such a way that its first argument must contains a mapping IP-MAC table, composed by pairs (IP, MAC) as this:

mapTable1 = [ ([154,250,159,2],[01,05,09,00,00,02]), 
              ([154,250,159,3],[01,05,09,00,00,03]) ]

In a configuration list, arguments at head are: local IP (Ip)  and MAC (Eth) address besides the mapping table.
Example: 
import rose

-------------------------// ARP Mapping table, format: IP -> Eth address

mapTable1 = [ ([154,250,159,2],[01,05,09,00,00,02]), ([154,250,159,3],[01,05,09,00,00,03]) ]

mapTable2 = [ ([148,208,179,2],[01,07,09,00,00,02]), ([148,208,179,3],[01,07,09,00,00,03]) ]

EthHdr = [1,1,1,1,1,1,9,9,9,9,9,9]

TTLfld =  223

IPsrc  = [154,250,159,2]

IPtg   = [154,250,159,3] 

fd     = fromDevice_u [I 2, Eh EthHdr, Ip IPsrc, Ip IPtg, Ttl TTLfld]

st     = strip [I 14]

arpq   = arpQuerier [Ip [154,250,159,1], Eth [1,5,9,0,0,1], Mapt mapTable1]

pr     = printf []

router=  fd ->- st ->- arpq ->- pr

Test:
ej_arpQuerier> simulfr router

[[[1,5,9,0,0,1,1,5,9,0,0,3,8,0,4,5,7,7,0,0,2,2,223,80,0,0,154,250,159,2,154,250,159,3,7,7,7,7,-7,0,0,0,0,0,-1,0],[1,5,9,0,0,1,1,5,9,0,0,3,8,0,4,5,7,7,0,0,2,2,223,80,0,0,154,250,159,2,154,250,159,3,7,7,7,7,-7,0,0,0,0,0,-1,0]]]

4.4.2 ARPResponder

It is an element that answers from an ARP request if it has a corresponding MAC address in its map table trough sending an ARP reply. 
At next example, we have a packet source (fdu) which is configurated by custom parameters, i.e. the ethernet source, the IP source and the IP target address, with that arguments fromDevice_u creates an ARP request and send it. Then, when a packet arrives, we need classify it in order to identify a request packet, what is necessary to feed the ARPResponder element, who will answer.
Example: 

import rose

EthSrc = [1,5,9,0,0,5]

IPsrc  = [154,250,159,5]

IPtg   = [148,208,179,1]

fdu    = fromDevice_u [I 2, Ea EthSrc, Ip IPsrc, Ip IPtg]

pr     = printf []

cl     = classifier [Pat [12,8,13,6,21,1,0], Pat [12,8,13,6,21,2,1], 
Pat  [12,8,13,0,2] ]

resp   = arpResponder [ Mapt [([154,250,159,1],[01,05,09,00,00,01]),

([148,208,179,1],[01,05,09,00,00,01])] ]

router =  fdu ->- end

end    = (cl,0)=>- pr ->- resp

end    = (cl,1)=>- pr

end    = (cl,2)=>- pr

Test:

ej_arpResponder> simulfr router

[[[1,5,9,0,0,1,1,5,9,0,0,5,8,6,0,1,8,0,6,4,0,2,1,5,9,0,0,1,148,208,179,1,1,5,9,0,0,5,154,250,159,5],[1,5,9,0,0,1,1,5,9,0,0,5,8,6,0,1,8,0,6,4,0,2,1,5,9,0,0,1,148,208,179,1,1,5,9,0,0,5,154,250,159,5]]]

More solutions ? [Y(es)/n(o)/a(ll)] a

[[]] | [[]]

4.4.3 CheckIPHeader

It checks that IP source address is not a broadcast or universal address, if it is, it deletes the packet.
At the example we pass valid packets.

Example: 

import rose

fd    = fromDevice [Eth1]

pa    = paint [Col 777]

pr    = printf [] 

st    = strip [I 14]

ch    = checkIPHeader []

router=  fd ->- pa ->- pr ->- st ->- ch
Test:

ej_checkIPHeader> simuln 1 router

[[[4,5,7,7,0,0,2,2,250,80,0,0,148,208,179,3,154,250,159,2,7,7,7,7,777,0,0,0,0,0,-1,0]]]

4.4.4 Classifier

This classifies packets based on its gender. We give it the patterns that determines the type of the packet, which can be, IP packet, ARP request packet or ARP response packet. The format of patterns is Pat [offset,value,offset, value,...,port], so, the packet must have the value at the offset indicated.
At the example we classify an income packet in  ARP request, ARP responses and IP, and it outs by port 0, 1 and 2 respectively.
Example: 

import rose

fd    = fromDevice [Eth1, I 2]

pr    = printf []

cl    = classifier [
Pat [12,8,13,6,21,1,0], Pat [12,8,13,6,21,2,1], 
Pat  [12,8,13,0,2] ]

router=  fd ->- pr ->- end

end   =  (cl,0) =>- pr

end   =  (cl,1) =>- pr

end   =  (cl,2) =>- pr
Test:
ej_classifier> simulfr router

[[]]

More solutions ? [Y(es)/n(o)/a(ll)] a

[[]] | [[[1,1,1,1,1,1,9,9,9,9,9,9,8,0,4,5,7,7,0,0,2,2,250,80,0,0,148,208,179,3,154,250,159,2,7,7,7,7,-7,0,0,0,0,0,-1,0],[1,1,1,1,1,1,9,9,9,9,9,9,8,0,4,5,7,7,0,0,2,2,250,80,0,0,148,208,179,3,154,250,159,2,7,7,7,7,-7,0,0,0,0,0,-1,0]]]

4.4.5 DecIPTTL

It decrements the TTL field by one.
Example: 

import rose

fd     = fromDevice [Eth0, I 2]

st     = strip [I 14]

dec    = decIPTTL []

pr     = printf []

router =  fd ->- st ->-end

end    =  (dec,0)=>- pr

end    =  (dec,1)=>- pr
Test:
ej_decIPTTL> simulfr router

[[[4,5,7,7,0,0,2,2,199,80,0,0,154,250,159,2,148,208,179,3,7,7,7,7,-7,0,0,0,0,0,-1,0],[4,5,7,7,0,0,2,2,199,80,0,0,154,250,159,2,148,208,179,3,7,7,7,7,-7,0,0,0,0,0,-1,0]]]

More solutions ? [Y(es)/n(o)/a(ll)] a

[[]]

4.4.6 Discard

This drops the packets.
Example:
import rose

EthHdr = [1,1,1,1,1,1,9,9,9,9,9,9]

TTLfld =  200

IPsrc  = [154,250,159,2]

IPtg   = [148,208,179,3]

fd     = fromDevice_u [I 2, Eh EthHdr, Ip IPsrc, Ip IPtg, Ttl TTLfld]

st     = strip [I 14]

d      = discard []

router =  fd ->- st ->- d

Test:

ej_discard> simulfr router

[]

4.4.7 DropBroadcasts

It drops the packets marked with link-level broadcast, if it is marked then element delets the packet.
Example: 

import rose

fd1    = fromDevice [Eth0]

st     = strip [I 14]

dr     = dropBroadcasts []

pr     = printf []

router =  fd1 ->- st ->- dr ->- pr

Test:

ej_dropBroadcasts> simuln 2 router

[[[4,5,7,7,0,0,2,2,200,80,0,0,154,250,159,2,148,208,179,3,7,7,7,7,-7,0,0,0,0,0,-1,0],[4,5,7,7,0,0,2,2,200,80,0,0,154,250,159,2,148,208,179,3,7,7,7,7,-7,0,0,0,0,0,-1,0]]]

4.4.8 FixIPSrc

It puts the current output IP address of ethernet card to an error packet what is being rerouting
Example: 

import rose

fd1    = fromDevice [Eth1]

st     = strip [I 14]

fix    = fixIPSrc [Ip [148,208,179,1]] 

pr     = printf []

router =  fd1 ->- st ->- fix ->- pr
Test:

ej_fixIPSrc> simuln 3 router

[[[4,5,7,7,0,0,2,2,250,80,0,0,148,208,179,3,154,250,159,2,7,7,7,7,-7,0,0,0,0,0,-1,0],[4,5,7,7,0,0,2,2,250,80,0,0,148,208,179,3,154,250,159,2,7,7,7,7,-7,0,0,0,0,0,-1,0],[4,5,7,7,0,0,2,2,250,80,0,0,148,208,179,3,154,250,159,2,7,7,7,7,-7,0,0,0,0,0,-1,0]]]

4.4.9 FromDevice

It recollects the packets from simulated communication media using the default case.

Example: 

import rose

fd   = fromDevice [Eth0]

pr   = printf []

router =  fd ->- pr
Test:

ej_fromDevice> simuln 2 router

[[[1,1,1,1,1,1,9,9,9,9,9,9,8,0,4,5,7,7,0,0,2,2,200,80,0,0,154,250,159,2,148,208,179,3,7,7,7,7,-7,0,0,0,0,0,-1,0],[1,1,1,1,1,1,9,9,9,9,9,9,8,0,4,5,7,7,0,0,2,2,200,80,0,0,154,250,159,2,148,208,179,3,7,7,7,7,-7,0,0,0,0,0,-1,0]]]

FromDevice_u
import rose

EthSrc = [1,5,9,0,0,5]

IPsrc  = [154,250,159,5]

IPtg   = [148,208,179,1]

fdu    = fromDevice_u [I 2, Ea EthSrc, Ip IPsrc, Ip IPtg]

pr     = printf []

router =  fdu ->- pr

Test:

ej_fromdevice_u> simulfr router

[[[1,5,9,0,0,5,15,15,15,15,15,15,8,6,0,1,8,0,6,4,0,1,1,5,9,0,0,5,154,250,159,5,15,15,15,15,15,15,148,208,179,1],[1,5,9,0,0,5,15,15,15,15,15,15,8,6,0,1,8,0,6,4,0,1,1,5,9,0,0,5,154,250,159,5,15,15,15,15,15,15,148,208,179,1]]]

4.4.10 GetIPAddress

It copies the IP target address to the IP target address annotation 

Example: 

import rose

fd1    = fromDevice [Eth0]

fd2    = fromDevice [Eth1]

st     = strip [I 14]

get    = getIPAddress [] 

pr     = printf []

router =  fd1 ->- end

router =  fd2 ->- end

end    = st->- get ->- pr
Test:

ej_getIPAddress> simuln 2 router

[[[4,5,7,7,0,0,2,2,200,80,0,0,154,250,159,2,148,208,179,3,7,7,7,7,-7,148,208,179,3,0,-1,0],[4,5,7,7,0,0,2,2,200,80,0,0,154,250,159,2,148,208,179,3,7,7,7,7,-7,148,208,179,3,0,-1,0]]]

More solutions ? [Y(es)/n(o)/a(ll)] a

[[[4,5,7,7,0,0,2,2,250,80,0,0,148,208,179,3,154,250,159,2,7,7,7,7,-7,154,250,159,2,0,-1,0],[4,5,7,7,0,0,2,2,250,80,0,0,148,208,179,3,154,250,159,2,7,7,7,7,-7,154,250,159,2,0,-1,0]]]

4.4.11 ICMPError

It produces an error packet according to protocol ICMP, it needs three arguments, the IP source, type of error and error code. Type and code are standards definided in ICMP RFC document.
Example: 

import rose

EthHdr = [1,1,1,1,1,1,9,9,9,9,9,9]

TTLfld =  0

IPsrc  = [154,250,159,2]

IPtg   = [148,208,179,3]

fd     = fromDevice_u [I 3, Eh EthHdr, Ip IPsrc, Ip IPtg, Ttl TTLfld]

st     = strip [I 14]

dec    = decIPTTL []

pr     = printf []

router =  fd ->- st ->- end

end    =  (dec,0)=>- pr

end    =  (dec,1)=>- icmpError  [Err [148,208,179,1] 5 0 ] ->- pr
Test:
ej_icmpError> simulfr router

[[]]

More solutions ? [Y(es)/n(o)/a(ll)] a

[[[4,5,7,7,0,0,2,2,255,80,0,0,148,208,179,1,154,250,159,2,5,0,7,7,0,0,0,0,0,0,-1,1],[4,5,7,7,0,0,2,2,255,80,0,0,148,208,179,1,154,250,159,2,5,0,7,7,0,0,0,0,0,0,-1,1],[4,5,7,7,0,0,2,2,255,80,0,0,148,208,179,1,154,250,159,2,5,0,7,7,0,0,0,0,0,0,-1,1]]]

4.4.12 InfiniteSource

It generates an infinite packets flow.

Example: 

4.4.13 IPFragmenter

This element verifies that the packet size is correct, if not, produces an error packet. We must tell it the length of valid packet.
Example: 

import rose

EthHdr = [1,1,1,1,1,1,9,9,9,9,9,9]

TTLfld =  0

IPsrc  = [154,250,159,2]

IPtg   = [148,208,179,3]

fd     = fromDevice_u [I 2, Eh EthHdr, Ip IPsrc, Ip IPtg, Ttl TTLfld]

st     = strip [I 14]

frag   = ipFragmenter [I 1500]

pr     = printf []

router =  fd ->- st ->-end

end    =  (frag,0)=>- pr

end    =  (frag,1)=>- pr
Test:
ej_ipFragmenter> simulfr router

[[[4,5,7,7,0,0,2,2,0,80,0,0,154,250,159,2,148,208,179,3,7,7,7,7,-7,0,0,0,0,0,-1,0],[4,5,7,7,0,0,2,2,0,80,0,0,154,250,159,2,148,208,179,3,7,7,7,7,-7,0,0,0,0,0,-1,0]]]

More solutions ? [Y(es)/n(o)/a(ll)] a

[[]]

4.4.14 IPGWOptions

In our context, this packet does nothing. It should work with the router options

Example: 

import rose

fd1    = fromDevice [Eth1]

st     = strip [I 14]

ipg    = ipgwOptions [] 

pr     = printf []

router =  fd1 ->- st ->- ipg ->- pr
Test:
ej_ipgwOptions> simuln 3 router

[[[4,5,7,7,0,0,2,2,250,80,0,0,148,208,179,3,154,250,159,2,7,7,7,7,-7,0,0,0,0,0,-1,0],[4,5,7,7,0,0,2,2,250,80,0,0,148,208,179,3,154,250,159,2,7,7,7,7,-7,0,0,0,0,0,-1,0]]]

4.4.15 LookupIPRouteMP

This achieves routing function, it needs a data structure: the routing table, which is formed writing first the most specific route. Every row contains network address, mask, next hop address and output port of the element.
Example: 

import rose

rtable = [ ([154,250,159,1],32,[127,0,0,1],0), ([154,250,159,0],24,[70,71,72,73],1), ([148,208,179,9],32,[127,0,0,1],0), ([148,208,179,0],24,[80,81,82,83],2),  ([0,0,0,0],0,[90,91,92,93],2) ]

fd1    = fromDevice [Eth0, I 2]

fd2    = fromDevice [Eth1, I 1]

st     = strip [I 14]

get    = getIPAddress [] 

lk     = lookupIPRoute [RT rtable]

pr     = printf []

router1 =  fd1 ->- end

router2 =  fd2 ->- end

end     =  st  ->- get  ->- rout

rout    = (lk,0) =>- pr

rout    = (lk,1) =>- pr

rout    = (lk,2) =>- pr
Test:
ej_lookupIPRoute> simulfr router1

[[]]

More solutions ? [Y(es)/n(o)/a(ll)] a

[[]] | [[[4,5,7,7,0,0,2,2,200,80,0,0,154,250,159,2,148,208,179,3,7,7,7,7,-7,80,81,82,83,0,2,0],[4,5,7,7,0,0,2,2,200,80,0,0,154,250,159,2,148,208,179,3,7,7,7,7,-7,80,81,82,83,0,2,0]]]

ej_lookupIPRoute> simulfr router2

[[]]

More solutions ? [Y(es)/n(o)/a(ll)] a

[[[4,5,7,7,0,0,2,2,250,80,0,0,148,208,179,3,154,250,159,2,7,7,7,7,-7,70,71,72,73,0,1,0]]] | [[]]

4.4.16 Paint

It writes a number in the color annotation that should represent the input branch number.
Example: 

import rose

fd    = fromDevice [Eth1]

pa    = paint [Col 777]

pr    = printf [] 

router=  fd ->- pa ->- pr

Test :
ej_paint> simuln 2 router

[[[1,1,1,1,1,1,9,9,9,9,9,9,8,0,4,5,7,7,0,0,2,2,250,80,0,0,148,208,179,3,154,250,

159,2,7,7,7,7,777,0,0,0,0,0,-1,0],[1,1,1,1,1,1,9,9,9,9,9,9,8,0,4,5,7,7,0,0,2,2,2

50,80,0,0,148,208,179,3,154,250,159,2,7,7,7,7,777,0,0,0,0,0,-1,0]]]

4.4.17 PaintTee

If the color annotation is the same that the argument, it produces an error packet. Through this, It takes care of that the output path is different to input path.
Example: 

import rose

fd1    = fromDevice [Eth0, I 2]

st      = strip [I 14]

pt     = paintTee [Col 9999]

pr     = printf []

router =  fd1 ->- st ->- end

end    =  (pt,0) =>- pr

end    =  (pt,1) =>- pr
Test:
ej_paintTee> simulfr router

[[[4,5,7,7,0,0,2,2,200,80,0,0,154,250,159,2,148,208,179,3,7,7,7,7,-7,0,0,0,0,0,-1,0],[4,5,7,7,0,0,2,2,200,80,0,0,154,250,159,2,148,208,179,3,7,7,7,7,-7,0,0,0,0,0,-1,0]]]

More solutions ? [Y(es)/n(o)/a(ll)] a

[[]]

4.4.18 Printf

It prints a packet stream
Example: 

import rose

EthHdr = [1,1,1,1,1,1,9,9,9,9,9,9]

TTLfld =  199

IPsrc  = [154,250,159,2]

IPtg   = [148,208,179,3]

fd     = fromDevice_u [I 1, Eh EthHdr, Ip IPsrc, Ip IPtg, Ttl TTLfld]

pr     = printf []

router =  fd ->- pr

Test :
ej_printf> simulfr router

[[[1,1,1,1,1,1,9,9,9,9,9,9,8,0,4,5,7,7,0,0,2,2,199,80,0,0,154,250,159,2,148,208,179,3,7,7,7,7,-7,0,0,0,0,0,-1,0]]]

4.4.19 Queue

It represents the Click Queue element, however, as we do not have state in declarative programming is necessary passing buffer, which is returned with the new packets added.
Example: 

import rose

EthHdr = [1,1,1,1,1,1,9,9,9,9,9,9]

TTLfld =  200

IPsrc  = [154,250,159,111]

IPtg   = [154,250,159,222]

fd     = fromDevice_u [I 1, Eh EthHdr, Ip IPsrc, Ip IPtg, Ttl TTLfld]

qu     = queue [Queue [[[3,3,3,3,3]]] ]

pr     = printf []

router  =  fd ->-  qu ->- pr

Test :
ej_queue> simulfr router

[[[3,3,3,3,3]],[[1,1,1,1,1,1,9,9,9,9,9,9,8,0,4,5,7,7,0,0,2,2,200,80,0,0,154,250,159,111,154,250,159,222,7,7,7,7,-7,0,0,0,0,0,-1,0]]]

4.4.20 Strip

This elemens cuts n bytes at packet head. It serves to convert an ethernet packet to IP packet if we take off 14 bytes (size of ethernet header).
Example: 

import rose

fd    = fromDevice [Eth1]

pa    = paint [Col 777]

pr    = printf [] 

st    = strip [I 14]

router=  fd ->- pa ->- pr ->- st

Test:
ej_strip> simuln 3 router

[[[4,5,7,7,0,0,2,2,250,80,0,0,148,208,179,3,154,250,159,2,7,7,7,7,777,0,0,0,0,0,-1,0],[4,5,7,7,0,0,2,2,250,80,0,0,148,208,179,3,154,250,159,2,7,7,7,7,777,0,0,0,0,0,-1,0],[4,5,7,7,0,0,2,2,250,80,0,0,148,208,179,3,154,250,159,2,7,7,7,7,777,0,0,0,0,0,-1,0]]]

4.4.21 ToDevice

This element puts ethernet packets in the communication media. 

Example: 

import rose

EthHdr = [1,1,1,1,1,1,9,9,9,9,9,9]

TTLfld =  200

IPsrc  = [154,250,159,111]

IPtg   = [154,250,159,222]

fd     = fromDevice_u [I 1, Eh EthHdr, Ip IPsrc, Ip IPtg, Ttl TTLfld]

qu     = queue [Queue [] ]

pr     = printf []

tod    = toDevice [Eth0]

router  =  fd ->- qu  ->- tod  ->- pr

Test :
ej_toDevice> simulfr router

[[[1,1,1,1,1,1,9,9,9,9,9,9,8,0,4,5,7,7,0,0,2,2,200,80,0,0,154,250,159,111,154,250,159,222,7,7,7,7,-7,0,0,0,0,0,-1,0]]]

4.4.22 ToLinux

This element  delivers IP packets to linux kernel, in our simulation does not have meaning.

Example: 

import rose

rtable = [ ([154,250,159,1],32,[127,0,0,1],0), ([154,250,159,0],24,[70,71,72,73],1), ([148,208,179,9],32,[127,0,0,1],0), ([148,208,179,0],24,[80,81,82,83],2),  ([0,0,0,0],0,[90,91,92,93],2) ]

EthHdr = [1,1,1,1,1,1,9,9,9,9,9,9]

TTLfld =  199

IPsrc  = [154,250,159,2]

IPtg   = [154,250,159,1]

fd     = fromDevice_u [I 1, Eh EthHdr, Ip IPsrc, Ip IPtg, Ttl TTLfld]

st     = strip [I 14]

get    = getIPAddress [] 

lk     = lookupIPRoute [RT rtable]

pr     = printf []

to     = toLinux []

router  =  fd ->- st  ->- get  ->- rout

rout    = (lk,0) =>- to ->- pr

rout    = (lk,1) =>- pr

rout    = (lk,2) =>- pr

Test:

 ej_toLinux> simulfr router

[[[4,5,7,7,0,0,2,2,199,80,0,0,154,250,159,2,154,250,159,1,7,7,7,7,-7,127,0,0,1,0,0,0]]]

More solutions ? [Y(es)/n(o)/a(ll)] a

[[]] | [[]]

5. Complete router and tests
5.1 Router ROSE based on Click router 

A router IPV4, which Eddie Kholer [1] (Click creator) has taken up to show the functionality of routers software is the best example to illustrate and prove such library created, due the goal is modelling the router functions with high level of granularity.
We should not forget  that ROSE is only a semantic specification of Click elements, we do not build routers really, nevertheless is our experiment to specify, verify and analyze systems. And we considere this is a good challenge because the matter presents some characteristics common in many systems, therefore, the technics generated can be applied to other similar cases.
A Click router has not deterministic flows, a packet is able to suffer a change of way dependig of its data inside it, inclusive it could disappear. At first we tried to resolve with pattern matching however this was requiring extra information to force matching. In final approach we have employed a fine point of functional-logic languages: no deterministic functions. In that way the host language, i.e. Curry, search and find answers to our system. 
This useful feature will serve to implement systems with data flow.
Here we present the complete router using ROSE, our router specification library. 

import rose

--------------------// ARP Mapping table, format: IP -> Eth address

mapTable1 =    [ 
([154,250,159,2],[01,05,09,00,00,02]), 
([154,250,159,3],[01,05,09,00,00,03]) ]

mapTable2 =    [
([148,208,179,2],[01,07,09,00,00,02]), 
([148,208,179,3],[01,07,09,00,00,03]) ]

rtable = [ 
([154,250,159,1],32,[127,0,0,1],0), 


([154,250,159,0],24,[70,71,72,73],1), 
([148,208,179,9],32,[127,0,0,1],0), 
([148,208,179,0],24,[80,81,82,83],2),  
([0,0,0,0],0,[90,91,92,93],2) ]

--================ ELEMENTS DECLARATION

--------- click router left side elements declaration

fclas1 = classifier  [
Pat [12,8,13,6,21,1,0], Pat [12,8,13,6,21,2,1], 
Pat  [12,8,13,0,2] ]

fpt1   = paint [Col 1111]

fdrop1 = dropBroadcasts []

fptee1 = paintTee [Col 1111]

fipgw1 = ipgwOptions []

ffix1  = fixIPSrc [Ip [154,250,159,1]]

fdec1  = decIPTTL []

ffrag1 = ipFragmenter [I 1500]

farpq1 = arpQuerier [
Ip [154,250,159,1], Eth [1,5,9,0,0,1], 
Mapt mapTable1]

fresp  = arpResponder [ Mapt [([154,250,159,1],[01,05,09,00,00,01]), 
 ([148,208,179,1],[01,05,09,00,00,01])] ]

fq1    = queue [Queue [] ]

ftodev1= toDevice [Eth0]

---------click router right side elements declaration

fclas2 = classifier [
Pat [12,8,13,6,21,1,0], Pat [12,8,13,6,21,2,1], 
Pat  [12,8,13,0,2] ]

fpt2   = paint [Col 2222]

fdrop2 = dropBroadcasts []

fptee2 = paintTee [Col 2222]

fipgw2 = ipgwOptions []

ffix2  = fixIPSrc [Ip [148,208,179,1]] 

fdec2  = decIPTTL []

ffrag2 = ipFragmenter [I 1500]

farpq2 = arpQuerier [Ip [148,208,179,1], Eth [1,7,9,0,0,1], 
Mapt mapTable2]

fq2    = queue [Queue [] ]

ftodev2= toDevice [Eth1]

---------click router center side elements declaration

fstr   = strip [I 14]

fcheck = checkIPHeader []

fgetip = getIPAddress [] 

flook  = lookupIPRoute [RT rtable]

flinux = toLinux []

--===================FINITE CLIK ROUTER =========================

rfinite1 n = fromDevice [Eth0, I n] ->-  r1a  

r1a        = (fclas1,0) =>- rout  

r1a        = (fclas1,1) =>= (1,rsink)

r1a        = (fclas1,2) =>- r1b  

r1b        = fpt1 ->- waist

rfinite2 n = fromDevice [Eth1,I n] ->-  r2a  

r2a        = (fclas2,0) =>- rout2

r2a        = (fclas2,1) =>= (1,rsink2)

r2a        = (fclas2,2) =>- r2b  

r2b        = fpt2->- waist

waist      = fstr  ->- fcheck ->- fgetip ->- branch

branch   = (flook,0) =>- flinux 

branch   = (flook,1) =>- fdrop1 ->- rpt1

branch   = (flook,2) =>- fdrop2 ->- rpt2

--Output branch1

rpt1  = (fptee1,0) =>- ripg

rpt1  = (fptee1,1) =>- icmpError [Err [154,250,159,1] 5  0 ] -@- branch

ripg  = (fipgw1,0) =>- ffix1->- rdec

ripg  = (fipgw1,1) =>- icmpError [Err [154,250,159,1] 12 0 ] -@- branch

rdec  = (fdec1 ,0) =>- rfrag

rdec  = (fdec1 ,1) =>- icmpError [Err [154,250,159,1] 11 0 ] -@- branch

rfrag = (ffrag1,0) =>- rsink

rfrag = (ffrag1,1) =>- icmpError [Err [154,250,159,1] 3 4  ] -@- branch

rsink =   farpq1 ->- rout

rout  =     fq1 ->- ftodev1

--Output branch2

rpt2  = (fptee2,0) =>- ripg2

rpt2  = (fptee2,1) =>- icmpError  [Err [148,208,179,1] 5 0 ] -@- branch

ripg2 = (fipgw2,0) =>- ffix2  ->- rdec2

ripg2 = (fipgw2,1) =>- icmpError [Err [148,208,179,1] 12 0 ] -@- branch

rdec2 = (fdec2, 0) =>- rfrag2 

rdec2 = (fdec2, 1) =>- icmpError [Err [148,208,179,1] 11 0 ] -@- branch 

rfrag2= (ffrag2,0) =>- rsink2 

rfrag2= (ffrag2,1) =>- icmpError [Err [148,208,179,1] 3 4  ] -@- branch

rsink2=  farpq2 ->- rout2

rout2 =   fq2 ->- ftodev2

It is important to say that a system specified with Curry is richer and more interesting than one functional system. If we see the answers we will note that there are several responses, this is because a program in Curry is converted in a powerful system which finds successful values thanks to it combines logic capabilities. Non deterministic functions represent multiple paths of solution, and then Curry try to arrive to correct solutions.
The test invocation gives the following results.

router> simulfr (rfinite1 1)

[[]]

More solutions ? [Y(es)/n(o)/a(ll)] a

[[]] | [[]] | [[[1,7,9,0,0,1,1,7,9,0,0,3,8,0,4,5,7,7,0,0,2,2,199,80,0,0,154,250,159,2,148,208,179,3,7,7,7,7,1111,80,81,82,83,0,2,0]]] | [[]] | [[]] | [[]] | [[]] | [[]] | [[]] | [[]] | [[]] | [[]]

router> simulfr (rfinite2 1)

[[]]

More solutions ? [Y(es)/n(o)/a(ll)] a

[[]] | [[[1,5,9,0,0,1,1,5,9,0,0,2,8,0,4,5,7,7,0,0,2,2,249,80,0,0,148,208,179,3,154,250,159,2,7,7,7,7,2222,70,71,72,73,0,1,0]]] | [[]] | [[]] | [[]] | [[]] | [[]] | [[]] | [[]] | [[]] | [[]] | [[]]
The empty lists are the paths not walked by the packet, though they was the successfully posible tracks found.
CONCLUSION
We have explained a solution to specify routers with the language multi-paradigm Curry  ROSE. Clearly Curry has many features that do it an interesting declarative language.
We have built routers without specify its input (lazy evaluation). We have passed elements as arguments (high order), like first class objects, we have created our own data types, etc. These are characteristics from functional languages. Furthermore when there are no deterministic functions, as our example has them, the system becomes an interesting case of programming because is able to give us multiple outputs, thanks to the search of answers capability.
In our case of study, we have had resolve the principal problem: the paths among elements (the packet flow), in a Click graph the connections represent only a probable pass of packets, in a functional language the decision would be taken by means of pattern matching, the programmer would have write the tracks with basic cases, there, it needs extra information to force pattern matching. With ROSE we draw only the possible links of router elements, and the host language, Curry, finds the valid paths, that  is through no deterministic functions. 
We think this features are extensible to specify problems where appear a tree of posibble paths of solution,  e.g. automatons, data flow problems, projects management systems, etc.
Traditionally the declarative languages to write domain specific languages (DSL) have been the functional, for example Haskell, however Curry like a declarative multiparadigm language offers additional advantages (logic and concurrent) and it is valid to think that in a future the functional-logic languages will be used as tool to make DSL’s.

Furthermore we pretend to prove that Curry is a good language to analyze, optimize and verify. This in the next jobs.
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