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mts [1, -2, 3,-1,2]=4

/

* FEFELRIFERT S XL

mts xs = maximum (map sum (tails xs))
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s EIARE T —RIFERERL, EIMNAIER

mts
tails' Nil = (@, 9)
tails' Cons(h, t) =
let (tmts, tsum) = tails' t in
(max tmts (tsum + h), tsum + h)

xs = (tails' xs).1

o

« HIEEAE 0(n)
« NAHERREITTRKXHFAFARES
« B HIP—HTEHRAREFS, BIESIER
. BN BT RAALREE S ENER L, TEERFASE
 EERH AR E R R ERS
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,3,-1, 2] tmts=0 tsum=0
,3,-1, 2] tmts=2 tsum=2
, 3,21, 2] tmts=2 tsum=1
,3,-1, 2] tmts=3 tsum=4

mts' xs = (tails' xs).1

tails' Nil = (@, 0)

tails' Cons(h, t) =
let (tmts, tsum) = tails' t in
(max tmts (tsum + h), tsum + h)
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mts xs = maximum (map sum (tails xs))

4

mts' xs = (tails' xs).1

tails' Nil = (0, @)

tails' Cons(h, t) =
let (tmts, tsum) = tails' t in
(max tmts (tsum + h), tsum + h)
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Why does it feel so difficult to learn algorithms and
data structures and come up with solutions for real

| work very hard to learn algorithms but still can't

grasp it, what should | do?
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HIERBUEES flow-sensitive rewrites

o ZHEB{ERE conditional constant propagation
o £S5 dominating test detection
o EFREERIEEYE LR flow-carried type narrowing

o FToR{CRSiER dead code elimination
IESHRXAMAIEAR language-specific techniques

o HERIPTRFZZRMAL class hierarchy analysis

o EEHIHIL devirtualization

SER{ERE symbolic constant propagation

-

%
« BnhZEFEERS autobox elimination
 PEi%SHr escape analysis
« HifiERR lock elision
* BEZAK lock fusion

* iHRR 5T de-reflection

AEFERAB(IEEH memory and placement transformation

o FIAIEFt expression hoisting
» AT expression sinking £RAF3AE global code shaping
o LATFhEHEBR redundant store elimination « OB inlining (graph integration)
« £B{{F39MR global code motion

o ETFHENES/3 heat-based code layout

« switch E# switch balancing

« HP9EX throw inlining

1BSB1FMEAFF adjacent store fusion

-E£fRiHPR card-mark elimination

359 E merge-point splitting
&R loop transformations

o {EREFF loop unrolling

« {ERZES loop peeling

o RLEbR safepoint elimination

o ESBEISE iteration range splitting
« SEEHGESERS range check elimination

« &A1 &1L loop vectorization
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(REEMATEIXNMER, BHEZTMO(NIESZERZFID?
mts xs = maximum (map sum (tails xs))

m HPATILL, AR
XSANEEBIRRAL. RATTLNE

AT 20 ERR:

B0(n"2), EA “tails' BYHSEMBERRIIR, T map sum” =
H—iR I_ RMOXMER, EEIESEREZE0(N)

haskell

maximumSubarraySum :: [Int] -> Int
maximumSubarraySum xs = go xs 6 @

where

go [] maxSoFar currentSum = maxSoFar

go (x:xs) maxSoFar currentSum =
let currentSum' = max @ (currentSum + x)
maxSoFar' = max maxSoFar currentSum'

in go xs maxSoFar' currentSum'

REUERT— MERE "go” , BHIPTHENEE: “maxSoFar’ FEIBaRIALEREINEAFE
?ﬂﬂil, “currentSum” FRIJFIFEERIFN. BE—RER, FAITTLAEO(N)FEIREIRAFEEEH.
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IREEUC TEIX T mtsiZERF, KHEZAO(N)EEISRENEFIL?
cal xs = sum (map (+1) xs) - length xs

mts xs = maximum (map cal (tails xs))

%

FIGEERN “mts™ FEFLMUE O(n) HEIERE, HNFEERESITH. Jﬁﬁ‘*#“‘f FHY “ca
M “mts® REEGERIIFIRAIZIRER, SERIEEHRER 0(n"2), BfITLABL—REHH LT
FHIRTBER.

A2 ERIRES:
haskell

import Data.List (tails)

cal :: [Int] -> Int

cal xs = sum (map (+1) xs) - length xs

mts :: [Int] -> Int

mts xs = maximum $ scanl (\acc x -> acc + x + 1) 8 xs

main :: I0 ()
main = do

let testList = [1,
12 print § mts testlList
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mts xs = maximum (map sum (tails xs))

‘ & HO(n) K5 RE

mts' xs = (tails' xs).1

tails' Nil = (0, @)

tails' Cons(h, t) =
let (tmts, tsum) = tails' t in
(max tmts (tsum + h), tsum + h)
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mts xs = |maximum (map suml(tails Xs))

mts' xs = (tails' xs)Ll tails' Nil = (0, @)
tails' Cons(h, t) =

let (tmts, tsum) = tails' t in

(max tmts (tsum + h), tsum + h)
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A 2 /072 0(n?) O(n?)
[ [2],
mts xs = [maximum (map sum<«— [1,2], «—(tails xs))
[_31 1/ 2]]

R R, K ER )RR N
PR B v 18] 0308 45 14

fii & % 0(1)
RS BIE E ok JE R AN s 45 14
KNG K, FBAR BT O(1) tails' Nil = (0, 0)
«— (3,0) «— tails' Cons(h, t) =
let (tmts, tsum) = tails' t in
(max tmts (tsum + h), tsum + h)

mts' xs = (tails' xs).1
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NMA[ & A repref 2947

reprFENRZROERHEEBZHESR

mts xs = maximum (map sum (tails xs))

m; <+—— mts

If m; # m, -

r{ «— repr «— tails XS,
thenr; #r,
r, «— repr «— tails

I'H]Ii:
I

F A EMZy, FSH— 1L R A/ Ngrepr
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tails ::
mts xs = maximum (map sum (tails

21

=4 |

1L

List ->

Packed

xs))

L .

NList

#E

FRIC B 48 N B 514
LT B RS Z RSN A B

tails Nil =
NCons(Nil, NNil)

tails Cons(_, t)@xs =
let ts = tails t in
NCons(xs, ts)

mts xs =
let ts = tails xs in
maximum (map sum ts)
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dac_id E1t(_)@xs = xs

dac_id Cons(_, _)@xs =
let (ls, rs) = split xs in
concat (dac_id ls) (dac_id rs)

xs — dac_id —> xs — mts — mts

mts xs = maximum (map sum (tails

Xs))

eliminate

dac_id :: List -> Packed List
dac_mts xs = mts (dac_id xs)

23
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http://8.140.207.65/new-demo

Eliminating Intermediate Data Structures via Inductive Synthesis

Reference Program
[OlKnapsack VI

import “compress”;

import “list”;

Ttem = Int * Int;
ItemList = List (Item);
Plan = Reframe (ItemList);

Pst items) ;
tems) ;

fun sumw items = s

um (I‘.ZE.

fun sumv items

step :: Int —> Item —> Plan —> List (Plan):
fun step lim item plan =
if sumw
Cons {Cons {item, plan}, Cons {plan, Nil}}
else Cons {plan, Nil};

plan + fst item <= lim then

gen :: Int —> ItemList —> List (Plan);

fun gen lim = function
I wrza oo (wrza arz11

26

o Optimized Program
NonScalar
import “list”;

fun sumw items = sum (map fst items):

fun sumv items = sum (map snd items) ;

step :: Int = (Int * Int) —> (Int * Int) —> List (Int * Int);:
fun step lim item plan =
if (fst plan) + fst item <= lim

then Cons {
(let c0 = (fst item) in
let cl = (snd item) in
{(fst plan) + c0, (snd plan) + cl}),
Cons {plan, Nil unit}
}

else Cons {plan, Nil unit};

gen :: Int — (Ll:t (I]t * Int)) —> List (Int * Int);

_ o e
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Testing shows the presence,

not the absence of bugs.

27 Edsger W. Dijkstra
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Vxs : List.

V xs : List. sum (rev

S TR fp
sum (rev xs) = sum xs

xs) = sum (sort xs)
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Inductive List = nil | cons Int List;

Let rev (l:List) =

match 1 with

| nil — nil

| cons h t — snoc h (rev t)
end;

Let sort (1l:List) =

match 1 with

| nil — nil

| cons h t — ins h (sort t)
end;

Let sum (l:List) =

match y with

| nil — O

| cons h t — h + (sum t)
end;
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° /;_]—7\175’_[| V xs : List. sum (rev xs) = sum (sort xs)
© XIxsflUA, 2 AFEMIFERITIE
o [FH1: xs=[]
- BEEIE, SXEAMIBEBAN, INIER

e [E)H2: xs=consht

« HIANERIR sum (rev t) = sum (sort t)
* }?ﬁ%ﬂgﬁff@@] sum (snoc h (rev t)) = sum (ins h (sort t))
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V xs : List. sum (rev xs) = sum (sort xs)
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° %{ﬁ%ﬂ: V xs :List. sum (rev xs) = sum (sort xs)
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e fxs =sum (sort xs)
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* sum (rev xs) =f x
e fxs=sum (sort xs)
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#Solved #Solved #Solved #Fails

(Standard) (Extension) (Total) (Timeout) AvgTime
140 21 161 3.64s
AUTOPROOF = 16 67%)  (1600%) (130.89%) 09 (1 95.47%)

Cvc4InND 120 3 123 147 80.36s
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