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There"is"a"standard"style"of"diagram"for"represen=ng"scan"algorithms."Data"flows"in"at"
the"top"and"then"downwards"along"the"“wires”."The"black"dots"
are"binary"operators"and"in"all"but"the"rightmost"of"these"the"output"flows"both"
straight"down"and"along"the"diagonal"(to"the"next"dot)."
In"this"sequen=al"case"the"7"dots"must"operate"in"sequence"because"of"the"data"
dependencies."
But"there"are"other"ways"to"calculate"the"same"results."
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In"this"scan"(or"parallel"prefix)"network,"more"than"one"dot"is"opera=ng"at"each"level,"
so"parallelism"is"being"used."This"uses"more"dots,"but"allows"us"to"get"the"answer"
faster."
This"example,"due"to"Brent"and"Kung,"has"32"inputs"and"depth"9,"rather"than"the"
depth"31"that"would"be"needed"for"the"sequen=al"case."
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Here,"the"last"(rightmost)"output"is"calculated"at"depth"5"(log"base"2"of"32)."For"a"
binary"operator,"that"output"can’t"be"calculated"in"any"smaller"depth."
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One"can"also"view"the"network"as"a"recursive"construc=on"(rather"than"in"terms"of"
trees"and"reverse"trees)."Think"of"it"as"applying"some"operators"at"the"top"(to"
adjacent"elements"in"the"input),"
applying"the"network"P"to"the"outputs"of"the"operators"while"passing"the"other"
“wires”"straight"through,"and"then"fixing"up"the"result"with"a"final"row"of"operators,"
again"between"adjacent"elements,"
but"shiXed"one"over."The"inputs"to"P"are"S(1,2),""S(3,4),"…"S(i[1,i),"…"and"the"outputs"
are"S(1,2),"S(1,4),"…."S(1,i)"and"it"is"easy"enough"to"use"those"values"and"the"odd"
numbered"inputs"to"
Also"produce"S(1,3),"S(1,5)"etc.""""(Here,"I"write"S(I,j)"instead"of"S"subscript"I"superscript"
j."

18"



19"



Blelloch"oXen"concentrates"on"what"is"called"prescan."It"is"like"taking"the"result"of"a"
scan"and"shiXing"in"the"iden=ty"of"the"operator"(and"shiXing"out"the"last"value,"the"
reduc=on"of"all"the"inputs)."
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To"get"to"scan"from"prescan,"just"drop"the"iden=ty"and"fill"in"the"last"value,"which"can"
be"got"from"the"final"element"of"the"prescan"by"one"opera=on"with"the"final"input."
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Blelloch"made"very"clear"how"tremendously"powerful"the"scan"primi=ve"is"in"data"
parallel"programming."
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I"made"this"from"a"larger"diagram"by"covering"up"some"stuff"on"the"leX"with"a"white"
box."Wri=ng"could"be"put"there."
You"get"to"this"picture"from"the"previous"one"by"taking"hold"of"the"inputs"and"outputs"
and"pulling"(so"that"the"two[input"two[output"boxes"get"stretched."
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A"good"place"to"find"out"more"is"this"DPH"paper:"hap://research.microsoX.com/en[
us/um/people/simonpj/papers/ndp/fsacs2008.pdf"
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Blelloch’s"ICFP10"invited"talk"is"great."Watch"the"video!"
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work"="N[1""+""N/2"–"1"""+"""N/4[1"""…""3"+"1""""=""""2N[1[(n+1)""="2N[n[2""""e.g."for"32"
inputs,"64[5[2"="57"
depth"="2n[1"
For"bitonic"sort,"think"about"a"merger"first"(again"with"N"="2^n"inputs)."The"merger"is"
n"deep"and"its"work"is"N/2"=mes"n"if"we"assume"that"one"comparator"(min+max)"
costs"1."
Then"we"end"up"with"mul=ple"mergers"on"2"inputs,"then"on"4,"8"and"so"on"up"to"N."So"
you"should"be"able"to"figure"out"the"total"work"and"depth."
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See"these"slides"by"Blelloch"from"2006"for"an"interes=ng"retrospec=ve"on"NESL:"
hap://glew.org/damp2006/Nesl.ppt"
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