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Introducing: PIFO

Just a PQ, with a ranking function,
pbut with rank-ties broken in FIFO order.
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ENngqueueing a packet can
require the reordering of
puffered packets.

No PIFO can do this.
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Which leads to some very PL-ey questions:

free language

shape expressivity

Compare expressivity of languages”
Compare expressivity of trees”

Compile a program so it runs against a new tree”



NoO general way to-deptey-our gadget.

(D

A human neeas a . 1he hardware wants
range of trees. to support one tree.

21



NoO general way to-deptey-our gadget.

(D

A human neeas a . 1he hardware wants
range of trees. to support one tree.

21



NoO general way to-deptey-our gadget.

compilation

(D

A human neeas a . 1he hardware wants
range of trees. to support one tree.

21



Contributions



Contributions

Formal model of PIFO trees



Contributions

Formal model of PIFO trees

General theorems of expressiveness
w.r.1. tree shape

22



Contributions

Formal model of PIFO trees

General theorems of expressiveness
w.r.1. tree shape

Compiler

22



Contributions

Formal model of PIFO trees

General theorems of expressiveness
w.r.1. tree shape

Compiler

Simulator

22



EXpressivity of trees

Irees with more leaves are more expressive.
laller trees are more expressive.

23



EXpressivity of trees

Irees with more leaves are more expressive.
laller trees are more expressive.

Captured elegantly by:

Homomorphic embedaing.
Map root to root, leaves to leaves. Respect ancestry.



EXpressivity of trees

SOuUrce

Homomorphic embedaing.
Map root to root, leaves to leaves. Respect ancestry.



EXpressivity of trees

— — —
— —

SOuUrce

_____

Homomorphic embedaing.
Map root to root, leaves to leaves. Respect ancestry.



EXpressivity of trees

SOuUrce

Homomorphic embedaing.
Map root to root, leaves to leaves. Respect ancestry.



Compiling programs




Compiling programs




Compiling programs




Compiling programs




Compiling programs




Compiling programs




Compiling programs




Compiling programs

OO0l




Compiling programs

goleli
.

transient

RS
1

2
.



Compiling programs

/ P\ 1
| |




Compiling programs

1,3,1,2,3,1,2,3

/ P\ 1
| |




Compiling programs

1,2,1,2,2,1,2, 2

/ P\ 1
| |




Compiling programs

/ P\
| |

1,2,1,2,2,1,2, 2

25



Compiling programs

/ P\
| |

1,2,1,2,2,1,2, 2

25



Compiling programs

1,2,1,2,2,1,2, 2

25



Compiling programs

1,2,1,2,2,1,2, 2

Path: [(2,77), ...]




Compiling programs

1,2,1,2,2,1,2, 2

Path: [(2,77), ...]




Compiling programs

1,2,1,2,2,1,2, 2

Path: [(2,77), ...]




Compiling programs

1,2,1,2,2,1,2, 2




Compiling programs

Path: [(2,?), (1, ?), ...




Compiling programs

Path: ((2,rq), (1,19), ...]




Compiling programs

Path: ((2,rq), (1,19), ...]




Compiling programs
Path: ((2,rq), (1,19), ...]

B 1,2,2,1,2,2,1,2,2
] 2

1,2,1,2,1,2
1 2

Path: [(2,77), ...]




Compiling programs
Path: ((2,rq), (1,19), ...]

B 1,2,2,1,2,2,1,2,2
] 2

1,2,1,2,1,2
1 2

Path: [(2,77), ...]




Given an embedding, we lift
t to arrive at a compller. Path: [(2,r1), (1,F7), ...]

B 1,2,2,1,2,2,1,2,2
] 2

1,2,1,2,1,2
1 2

Path: [(2,77), ...]




Generating embeddings automatically!



Generating embeddings automatically!

Homomorphic embedaing.
Map root to root, leaves to leaves. Respect ancestry.




Generating embeddings automatically!

Homomorphic embedaing.
Vlap root to root, leaves to leaves. Respect ancestry.

Iwo new algorithms,
pboth starting with heterogeneous source trees.



Generating embeddings automatically!

Homomorphic embedaing.
Vlap root to root, leaves to leaves. Respect ancestry.

Iwo new algorithms,
pboth starting with heterogeneous source trees.

1. If target tree Is regular d-ary for some @.
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Homomorphic embedaing.
Vlap root to root, leaves to leaves. Respect ancestry.

Iwo new algorithms,
pboth starting with heterogeneous source trees.

1. If target tree Is regular d-ary for some @.
2. It target tree Is Itself heterogeneous.
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Underlying formalism

neN ts € Topo”

* € Topo Node(ts) € Topo

neN ts € Topo” p € PIFO({1,..., n})

p € PIFO(Pkt) V1 < i < n.gs|i] € PIFOTree(ts|i])
Leaf(p) € PIFOTree(x) Internal(gs, p) € PIFOTree(Node(ts))
Topo Topo
r € Rk ts € Topo” 1<i<n r € Rk pt € Path(ts[i])
r € Path(x) (i,r) :: pt € Path(Node(ts))
Topo Topo
PUSH(p, pkt,r) = p’ push(gs[i], pkt, pt) = ¢’ PUSH(p, i,r) = p’

push(Leaf (p), pkt,r) = Leaf(p") push(Internal(gs, p), pkt, (i,r) :: pt) = Internal(gs[i/q’], p")
PIFOTree Path PIFOTree
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