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Module TTCN3 TTCN3 QuickCheck QuickCheck
lines of code nr of tests | lines of code | time to generate
100 tests
Canlf 16930 65 1978 24 sec
CanSM 6751 17 1255 10 sec
CanNm 12318 58 1716 47 sec
CanTp 21984 105 2062 20 sec
cluster 57983 245 7011 33 sec
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»¢ MEService.hs
P Parser.hs
P Printer.hs
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»¢ Coverage.hs
»¢ Decorator.hs
»¢ Shahlaa.hs
¢ AlIB1Sn.hs
» GetTCTraces.hs
» RandomTest.hs
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z qty(b;) + z qty(si) + qty(ord;,)

2 aty(bp) + Z aty(s)) +2 x Z aty(t:) (+)

qty(a) + qty(b) = qty(a’) + qty(b") + 2 X qty(trd) (x*)

n

Z qty(s;)

i=1

(x), (x%) = IZ qty(by) | + qty(b) + + qty(a) + qty(ord;,)
i=1

1

k
= thy(b{) + qty(b") + thY(Si,) + qty(a’)
i=1

i qty(t;)

i=1

+ 2 X + 2 X qty(trd)
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data Dorder = Dorder {ordid :: Int
,ordtype :: OrderType
,stock id :: Int
,price :: Float
,quantity :: Int}
deriving (Show)
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data Trade = SimpleTrade {buy id :: Int
,sell id :: Int
,tstock id :: Int
,tprice :: Float
,tquantity :: Int}

deriving (Show)
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data OrderType = Sell | Buy | Empty

deriving(Eq, Show)
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monoOrderMatch :: Dorder -> Dorder -> (Dorder, Dorder, Trade)
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processBuyOrder :: Dorder -> [Dorder] -> (Dorder, [Dorder],
[Trade])
processBuyOrder (Dorder _ Empty = ) sords = (nullOrder,

sords, []) where nullOrder = Dorder © Empty © 0 ©
processBuyOrder bord [] = (bord, [], [])
processBuyOrder bord [sord] = let (remBuyOrder, remSellOrder,
trade) = monoOrderMatch bord sord in (remBuyOrder,
[remSellOrder], [trade])
processBuyOrder bord (sord:sords)

| ordtype remainBuyOrder == Empty = if ordtype
remainSellOrder == Empty

then (remainBuyOrder, sords,
[trade])
else (remainBuyOrder,

remainSellOrder:sords, [trade])

| otherwise = (remainOrder, if ordtype remainSellOrder ==
Empty

then remainOrderBook
else

remainSellOrder:remainOrderBook, trade:trades)

where (remainBuyOrder, remainSellOrder, trade) =
monoOrderMatch bord sord

(remainOrder, remainOrderBook, trades) =
processBuyOrder remainBuyOrder sords
nullOrder = Dorder © Empty © 0 ©
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prop_quantitySum_check buyOrder orderBook =

quantity buyOrder == (getTradesQuantitySum trades) +
(quantity remainBuyOrder)

where (remainBuyOrder, remainOrderBook, trades) =
processBuyOrder buyOrder orderBook
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instance Arbitrary OrderType where
arbitrary = elements [Sell, Buy, Empty]
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instance Arbitrary Dorder where
arbitrary = do

Positive ordid <- arbitrary

ordtype <- arbitrary

Positive stock_id <- arbitrary

Positive price <- arbitrary

Positive quantity <- arbitrary

return $ Dorder ordid ordtype stock id price quantity
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type
type
type
type
type
type
type
type
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Quantity = Int

Price = Int

TimeStamp = Int

OrderID = Int

BrokerID = Int

ShareholderID = Int

CreditInfo = Map.Map BrokerID Int
OwnershipInfo = Map.Map ShareholderID Int
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data Side = Buy | Sell deriving (Show, Eq, Ord)
data Order = LimitOrder
{ oid :: OrderID
, brid :: BrokerID
, shid :: ShareholderID
, price :: Price
, quantity :: Quantity
, side :: Side
, minQty :: Maybe Quantity
, fillAndKill :: Bool
} | IcebergOrder
{ oid :: OrderID
, brid :: BrokerID
, shid :: ShareholderID
, price :: Price
, quantity :: Quantity
, Side :: Side
, minQty :: Maybe Quantity
, fillAndKill :: Bool
, disclosedQty :: Quantity
, visibleQty :: Quantity
} deriving (Show, Eq)
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type OrderQueue

[Order]

data OrderBook = OrderBook

{ buyQueue
, sellQueue ::
} deriving (Show,

:: OrderQueue
OrderQueue
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genQtyandMinQty :: Gen (Quantity, MinimumQuantity)
genQtyandMinQty = elements list

where list = [(a, Nothing) | a <- [1..1000]] ++ [(a, Just
b) | a <- [1..1000], b <- [1..1000], a >= b]
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genOnlySellOrder :: Gen Order
genOnlySellOrder = do --Positive oid <- arbitrary

--Positive brid <- arbitrary

--Positive shid <- arbitrary

(oid, brid, shid) <- genIDs

price <- genPrice

sellSide <- genOnlySellSide

(quantity , minQty) <- genQtyandMinQty

fillAndKill <- genFillAndKill

return (LimitOrder oid brid shid price
quantity sellSide minQty fillAndKill)

b oo adgs Ak Jlie S50 (S 90 Gl Jgeow 8 Hlade i Sy ol (0l o
S o0 i ysb ) (g8 g W s b odijle @l &S 085 el S (0l > s
SVCRVEJ % S0 9

ouw)nwﬁ)ﬁjm)}wom)bé_;ﬁ JF WS delad
isSellQueueSorted :: OrderQueue -> Bool
isSellQueueSorted sellQ = sellQ == sortOrderQueue sellQ

genSellQueue :: Gen OrderQueue

genSellQueue = listOf genOnlySellOrder "~ suchThat"
isSellQueueSorted

genOrderBook :: Gen OrderBook

genOrderBook = do buyQ <- genBuyQueue
sellQ <- genSellQueue
--Let buyQ2 = sortBuyQueue buyQ
return (OrderBook buyQ sellQ)
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genRandomOrder :: Gen Order
genRandomOrder = do

(oid, brid, shid) <- genlIDs

price <- genPrice

side <- genBothSides

(quantity , minQty) <- genQtyandMinQty

fillAndKill <- genFillAndKill

return (LimitOrder oid brid shid price
quantity side minQty fillAndKill)

genOrderList :: Gen OrderList
genOrderList = 1listOf genRandomOrder
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matchListOfOrders :: OrderList -> OrderBook -> [Trade] ->
(OrderBook, [Trade])

matchListOfOrders [] ob trds = (ob, trds)
matchListOfOrders [ord] ob trds = let (newOb, newTrds) =
matchNewOrder' ord ob in (newOb, trds ++ newTrds)
matchListOfOrders (ord:remOrdsList) ob trds =

let (newOb, newTrds) = matchNewOrder' ord ob

updatedTrds = trds ++ newTrds

in matchListOfOrders remOrdsList newOb updatedTrds
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matchNewOrder :: Order -> OrderBook -> Coverage (OrderBook,
[Trade])
matchNewOrder o ob = do

let ogq = oppositeSideQueue o ob

(remo, oq', ts) <- match o oq

let ob' = updateOppositeQueueInBook o oq' ob

let ob'' = enqueue remo ob'

(ob"'', ts) “covers® "MNO"

matchNewOrder' :: Order -> OrderBook -> (OrderBook, [Trade])
matchNewOrder' o ob = do
let ogq = oppositeSideQueue o ob
let (remo, oq', ts) = match' o oq
let ob' = updateOppositeQueueInBook o ogq' ob
let ob'' = enqueue remo ob'
(ob"'', ts)
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newQuantitySumEquityCheck :: Order -> OrderList -> Bool
newQuantitySumEquityCheck newOrder newOrderlList = quantity
newOrder + getOrderBookQuantitySum organicOrderBook ==
getOrderBookQ
uantitySum finalOrderBook + 2 * getTradesQuantitySum trades
where (organicOrderBook, organicTrades) = matchListOfOrders
newOrderList primeOb primeTrds
primeOb = OrderBook [] []
primeTrds = []
(finalOrderBook, trades) = matchNewOrder' newOrder
organicOrderBook

prop_newQuantitySumEqual_Classified:: Order -> OrderList ->
Property
prop_newQuantitySumEqual_Classified newOrder newOrderList =
collect (length trades) $ newQuantitySumEquityCheck newOrder
newOrderlList
where (organicOrderBook, organicTrades) = matchListOfOrders

newOrderList primeOb primeTrds

primeOb = OrderBook [] []

primeTrds = []

(finalOrderBook, trades) = matchNewOrder' newOrder
organicOrderBook
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quantitySumEquityCheck :: Order -> OrderBook -> Bool
quantitySumEquityCheck newOrder orderBook = quantity newOrder +
getOrderBookQuantitySum orderBook == getOrderBookQuantitySum
remainOrderBook + 2 * getTradesQuantitySum trades

where (remainOrderBook, trades) = matchNewOrder' newOrder
orderBook

prop_quantitySumEqual Classified:: Order -> OrderBook ->
Property
prop_quantitySumEqual Classified newOrder orderBook =
orderBookNotNull orderBook ==> collect (length trades) $
quantitySumEquityCheck newOrder orderBook

where (remainOrderBook, trades) = matchNewOrder' newOrder
orderBook
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FaS 5 L o e plbi pue Tg oyl 1o U5 aekd
canHeadsMatchGeneral :: OrderBook -> Bool
canHeadsMatchGeneral orderBook

| null (buyQueue orderBook) = True
| null (sellQueue orderBook) = True
| otherwise = ordersCantBeMatched buyHead sellHead
where buyHead = head $ buyQueue orderBook
sellHead = head $ sellQueue orderBook

prop_newCanHeadsMatch :: Order -> OrderList -> Property
prop_newCanHeadsMatch newOrder newOrderList = collect (length
trades) $
canHeadsMatchGene
ral finalOrderBook
where (organicOrderBook, organicTrades) = matchListOfOrders
newOrderList primeOb primeTrds
primeOb = OrderBook [] []
primeTrds = []
(finalOrderBook, trades) = matchNewOrder' newOrder
organicOrderBook
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tradePriceMoreThanBuylLessThanSell' :: Trade -> OrderBook ->
Side -> Bool
tradePriceMoreThanBuyLessThanSell' trd ob side

| null (sellQueue ob) && side == Buy = True
| null (buyQueue ob) && side == Sell = True
| otherwise = if side == Buy
then tradePrice <= sellHeadPrice
else tradePrice >= buyHeadPrice
where buyHeadPrice = price (head $ buyQueue ob)
sellHeadPrice = price (head $ sellQueue ob)
tradePrice = priceTraded trd

prop_newTradePriceCompareWithHeads Classified :: Order ->
OrderList -> Property
prop_newTradePriceCompareWithHeads Classified newOrder
newOrderList = collect (length trades) $

null trades ||

tradePriceMoreThanBuylLessThanSell' lastTrade
finalOrderBook lastSide
where (organicOrderBook, organicTrades) = matchListOfOrders

newOrderList primeOb primeTrds

primeOb = OrderBook [] []

primeTrds = []

(finalOrderBook, trades) = matchNewOrder' newOrder
organicOrderBook

lastTrade = last trades

lastSide = side newOrder

YA



‘_.;5L.»o.>l53 OGS o @

o3 g8l 51 myg olae At Lo gy oles abuud 4o b o)Ll 5 i 4T jsbylen

4 b}’).n Q)‘9A GALQ.’ ‘035}.; )L».’>L~.) aQ 4\.’>9.; L’ g i LSLQWS L.S‘)b 039}.3 9 oy oolazwl

5 skssge ciu)l seles Jgile ol axxd 18 AlIBISN ob b ol>! Josle <o 5o (903

YUy oogdle Qs,oﬂ oS 285 18 las auS o cdl o import jews b I, 550 sl gsle
D9 oo atels late b >3 3l 6 S o> el oS (6,l00S5 g 2lle> o

3 File Edit Selecton View Go Run Terminal Help AllB1Sn.hs - haskell-matching-engine - Visual Studio Code 0oBeom ;. - (u) X
» ME Y AlB1Snhs X 1))
\ OPEN EDITORS
Ye MEh 1 {-# OPTIONS_ _Wr S T }
X e AllB1Snhs 2 £ LINT ignore "Use <$ }
v HASKELL-MATC..[3 BT O & 3 dule Main where
4 import Domain.ME

( Trade(Trade, priceTra
OrderBook (OrderBook,
Order(LimitOrder, qua

8 Side(..),
Quantity,

fillAndKill, minQty, side, shid, price),

OrderQueue, MEState (orderBook), OrderID, ShareholderID, BrokerID, Price,

24 t Arbitrary OrderBook wher
5 arbitrar = genOrderBoo

ce Arbitrary Order

arbitrary genRandomOrder
> OUTLINE

> TIMELINE
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it 33 08l dxund (59 uggg ey FYY

ool 0l O YYY CaonB b T glis g 009 YV idw a0 accds Jlews 25w o0l s5lwool

Sl o) 50 a8 Sgles ol b conl pasd pins s 60,8ee Ghie ab Cwod ol &S
QJS.LQ.C‘}E.;.QuaJl}st))gLs‘;;;.6..9.»493Qﬁ‘j‘u.wu‘ol{@ﬁﬁ&-ébwlﬁﬁuﬂg

s 89y SSesS b aS olaggesl 51 B p 0 Je Glae 4 20,5 eoliiwl i

YA



595 gy oS 50 2)5p 4sliyy sras ;o Tlalisiul (> 4 Lo o plosil b iy
el Cls Gl as slo go lid g ealls jouie Litiwl sloul 4y g 00,5 adgi S>SusS a5 Jlis
5 8kae glate b (ols cl )T prois 45 ol (6ls Lo ol ol Simlod ginmens 3,Khos 3lats b
S ol oS el s ook Cls g, 1y Sl Lo 45 gy oyl 5 s Kiolod it
Sl 5l (> 900,85 6,550 1) sols plxil OrderHandler.hs o a5 Sloss a5 ol cely

oS b s ololis 1) ad e sloul Ll by ] o a8

Exception '



LG ¥ Lad

&U gl Gamogd 59y B S e (w3 ol i ).F
i | Joolo gl ¥

Rl 02 (o2 9)90 aCeols 080 Cod Sl slolag sazt (gilwesly Sl o
slp 2B Jlo b g 0 DL BB (oly & a0 4 lap)] (5585 45 009 oy Sl b 2l
3,5 &l gslweols Ll 5l gaieds; )l mls al> o cpl Jl (ol b.cils 0424 Loy
Silwosly 3l ol Lo Y.)¥F

ilwosly 5l alyo (nl S SosS il 5 S (ol b b (LS ST poe & 4z

logs oo ool ahoz 51,8 Bl am 2lhe 0 pitaces Ggel sl gaied) )| slags yu Jool,

Sy Al gl adgi g oaijle @l gyl OIS sloo )5 5 b Sho b bl & (g
2,5 o)l S SensS

Foolw dxud 595 B Shg ow)y 3l Jolo i V¥
o § Juol> gulis V.Y.F
b o po ey 3l Dy a0y lhuw a 380 wdgi Sl o e

s Bpo bl (gw)s ) sl 60k ploy Lloogy J185 o ol (S35 ¥ 2l (ol o
Ve o) 6l ki (oS Sl 6lad o) Glp 45 a3 o0 LS A 5V pgal dnli
Sl VYF ide 0 a5 el b o ol el o o s o) celin ¥ 51 oo« 390 JUio
Fa e Sl Oy 4 (h)law a8 oy cl> 0 3390 Jle o o a0 (oem,
peols 5La yley cel

R



o) Terminal =

ell-matching-engine-simple/

$ ghci
ion 8.6.5:
1 ME.hs
[1 of 1] Compiling ME
<, one module 1 1.

1E> quickCheck prop_canHeadsMatch

CInterrupted.
*ME> quickCheck

iscard
thM

3 1s

$ ghci

sion 8.6.5: http://www.haskell.org/ghc/

Success 500 prop_quantitySumEqual_

rru .
quickCheck ({withMaxSu
7 tests)

[s] Terminal =

ell-matching-engine-simple/
$ ghci
ion 8.6.5:
1 ME.hs
] Compiling ME
K, one module 1 1.
1E> quickCheck prop_canHead
CInterrupted. discarded)
*ME> quickCheck (with uccess 1
(175 tests; 1270 discarded)

12

$

1-matching-engine-simple/

3 s

$ ghci

8.6.5: http://www.haskell.org/gh

*ME> quickCheck (withMaxSuccess
~CInterrupted.

quickChe (withMaxSucce

http://www.h

httb //wvni . haskell.org/g ?

500 prop_

AlIB1Sn.hs - haskell-matching-engine - Visual Studio Code.

srojact/haskell- matehing engine-simple

$ cd hask |

$ ghci
http://www.haskell.org/ghc/ :? for help

( ME.hs, interpreted )

rrupted. !
> quickCheck {(withMaxSuccess 1000 prop_tradePriceCompareWithHeads_| 8
import Domain
Import Test.QuickCheck
ree

for help

{ ME.hs, erpreted )

lassified)

0 prop gquantitySumEqual Classified)

Ln 15, Col 1 (61 selected) Spaces:4 UTF8 LF  Haskell &)

10:0) el ;0 Shg dew Cod 9,45V pgai

AlIB1Sn.hs - haskell-matching-engine - Visual Studio Code

$ cd hask

$ ghci

for help .
http://vww.haskell.org/ghc/

:? for help
LM P =1 ude> :1 ME.

( ME.hs, interpreted ) -
r SOy IEUGLS [1 of 1] Compiling ME

( ME.hs, interpreted )

prop_canHeadsMatch)

import Domain.MEService
Import Test.QuickCheck ants, listOf, suchThat, (==>), coll 4
Tred

w0 rd

1?7 for help
{ ME.hs, terpreted )

antitySumEqual Classified)

0 prop quantitySumEqual Classified)

Ln 15, Col 1 (61 selected) Spaces: 4 UTF8 LF  Haskell &

Y
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¥ MEhs 1,M X ty @ -
e ME.hs > [3 ME > @ newQuantitySumEquityCheck
3bb .
367 1
368

©  369| newQuantitySumEquityCheck :: Order -> OrderList -> Bool H
370| newQuantitySumEquityCheck newOrder newOrderList = quantity newOrder + getOrderBookQuantitySum organicOrderBook == 1
371 getOrderBookQuantitySum finalOrderBook + 2 * getTradesQuantitySum trades i
372 where (organicOrderBook, organicTrades) = matchListOfOrders newOrderList primeOb primeTrds i
373 prime0Ob = OrderBook [] [] a
374 primeTrds = [] '
375 (finalOrderBook, trades) = matchNewOrder newdrder organicOrderBook
376
377| prop newQuantitySumEqual Classified:: Order -> OrderList -> Property
378| prop newQuantitySumEqual Classified newOrder newOrderList = collect (length trades) $
379 newQuantitySumEquityCheck newOrder newOrderlist z
380 where (organicOrderBook, organicTrades) = matchListOfOrders newOrderList primeOb primeTrds = ]
381 primeOb = OrderBock [1 []
382 primeTrds = []
383 (finalOrderBook, trades) = matchNewOrder newOrder organicOrderBook
204
PRonifies @) OUTRUT  DFIUG CONSOIF  TRRMINAL IUBVTFR gshe +~ @ @ ~ x
prop_newCanHeadsMatch prop_newQuantitySumEqual_Classified

*ME> quickCheck prop newluantitySumEqual Classified

+++ OK, passed 100 tests:

0% @

16% 1

12% 2

%3

*ME> quickCheck (withMaxSuccess 5000 prop newQuantitySunEqual Classified)
+++ 0K, passed 5000 tests:

61.44%

w
L
3
PEFE
anEwNE o

TAO@DIE & Live Share Ln371,C0l 51 Spaces:2 UTF8 LF Haskell g (3

ko sl s oS o T e
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B MEhs 1,M x

L[Ij 0o
3e MEhs > [ ME > § prop_newCanHeadshatch
/C\ 414 T 1
415 -- 2. Property check function '
i& 416 prop_canHeadsMatch :: Order -> OrderBook -> Property I .
b 417; prop_canHeadsMatch newOrder orderBook = orderBookNotNull orderBook && .
I 418 canHeadsMatchGeneral orderBook ==> | E
g 419 canHeadsMatchAfter newOrder orderBook = !
428 = i
e .2 : 1
o | 4220 -- 3. Property check functions for new case I : '
& s

424 prop newCanHeadsMatch :: Order -> OrderList -> Property
4257 prop_newCanHeadsMatch newOrder newOrderList = collect {length trades) s

@

426 | canHeadsMatchGeneral finalOrderBook |

%> 427 where (organicOrderBook, organicTrades) = matchListOfOrders newOrderlList primeOb primeTrds -
428 prime0b = OrderBook [] [] =
429 primeTrds = [] | - |
430 (finalOrderBook, trades) = matchNewOrder newOrder organicOrderBook 1
431
proslens @ 8) OUTPUT  DEBUG CONSOLE  TERMINAL  JUPYTER

poc b W A X

+++ 0K, passed 5000 tests:
61.44% @

20.40% 1

14.40% 2

3.36% 3

0.30% 4

0.08% 5

0.02% 6

*ME> quickCheck (withMaxSuccess 5000 prop newCanHeadsMatch)
+++ OK, passed 5000 tests:

63.00% @

19.74% 1

13.06% 2

3.62% 3

0.54% 4

0.04% 5

ne- Il

i
Bl v o @140018 5 Lieswe Ln426,Col 47 Spaces: 2 UTF8 LF Haskel /& (%
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3= MEhs 1,M x o
3= MEhs > [ ME

461 ==> tradePriceMoreThanBuylLessThanSell newOrder orderBook

462 where (remainOrderBook, trades) = matchNewOrder newOrder orderBook ‘ 1
B 463 '

464 prop_tradePriceCompareWithHeads simple mbls :: Order -> OrderBook -> Bool [ |

465 prop_tradePriceCompareWithHeads simple mbls newOrder orderBook = tradePriceMereThanBuyLessThanSell newOrder orderBook i

466 where (remainOrderBook, trades) = matchNewOrder newQrder orderBook ‘ i

467 y

468 | prop_newTradePriceCompareWithHeads_(Classified :: Order -> OrderlList -> Property "

469 prop_newTradePriceCompareWithHeads Classified newOrder newOrderList = collect (length trades) $

470 null trades ||

471 tradePriceMoreThanBuylLessThanSell' lastTrade finalOrderBook l&:;

472 where (organicOrderBook, organicTrades) = matchListOfOrders newOrderList primeOb primeTrds ; -

473 prime0b = OrderBook [] [] ‘

474 primeTrds = []

475 (finalOrderBook, trades) = matchNewOrder newOrder organicOrderBook

476 lastTrade = last trades !

477 lastSide = side newOrder [ L

478

PROBIFMS (@8) OUTPUT  DFBUG CONSOIF  TERMINAL  JUPYTER gone +~ [0 @ ~ X

[1 of 1] Compiling ME ( ME.hs, interpreted )

0Ok, one madule loaded.
*ME> quickCheck prop newTradePriceCompareWithHeads Classified
+++ 0K, passed 100 tests:
70% @
14% 1
13% 2
2% 3
1% 4
*ME> guickCheck {withMaxSuccess 5000 prop_newTradePriceCompareWithHeads_Classified)
+++ 0K, passed 5000 tests:
61.98% @
20.38% 1

0 13.54% 2
3.58% 3
0.52% 4
= |

35 mastert O ® 14018 g Live Share Ln478,Col 1 Spaces:2 UTF8 LF Haskell & (%

G 5 B o e &y o dlolro 3T Ceand Condy s oy ) s
Sladolro gt 5 )lge duo 0 FV/AA o a5 o0 b o lg5 se COllect wis sl oolainl 4y axg5 b
3 ae,0 T/Y sgu ;0 g dlalas ¥ 5 )lae VW/OF 0 calslan G 04090 duo o Yo/YA o conis alocl
Wil adls dolas ¥ 5l jio oS b me o Sl ool ploil alolee V51 s o)lg0

S swesly 3l Jol> s Y.Y.F

$9y &5 o @bdle 9,5 Ty ilwesly bl Sl cand (ol 5l Jolo azs 0 ot
O A o Liul sloul cely oo e (g9, Lol wisls o azeis s jo 4y ool aseus
Wed (ol (59, 0,5 (o0 Sg 0l e Gl Sl Dyge a ]y B)lhw 4z 80 &S e ) p
e i Sl Glecae oy Sl Ll Lo Sy 5 0ad o jo (0924850 el it
S o P e S (plazl 100,559, 00l

O



Ao (3 a0 59y b Shg owyyp il Jol> s Y.F

.

W
i 3 Jool> s VYF
S @ygeo a1 p0)liw 4z ;380 wdgi Sl 50 S 0

s (§9; 1) 00l e oy 5l Djge 4 il dx s adg Sl &S pl w azgi b

Ol 4z 285 wdgi Ll mlis s Linl 50 000, gy ) ] 500 poe g 009051 oolus

0SS aley s w50 cnl 5l 3 slacdle oS ol (o oS (o0 oy ) SSEB S50 @
Al yae 500,55 180 1) o Fhs 5l (> casls slab,8

e Jlo 132 00 b y903] b -

() e AIBISRRs b x| e MERS e OrderHandler hs W

src > Be AB1Sn.hs > [ Main > @ prop_newQuantitySumEqual_Classified

£ o I
215! newQuantitySumEquityCheck :: Order -> OrderlList -> Bool |

g& 216| newQuantitySumequityCheck newOrder newOrderList nti L
217

f?) 218 where (organicOrderBook, organicTrades) = matd
219 prime0b = OrderBook [1 [1 12] Compiling Dec

[ 220 primeTrds = []
221 {finalOrderBook, trades) = matchNewOrde [11 of 12] Compiling Domain.P

B 222 . ) 12] Compiling Main ( ALLB1Sn.hs, interpreted )
223 prop newQuantitySumEqual Classified:: Order -> Orcif's modul

® 224 prop_newQuantitySumEqual Classified newOrder newOrgl < < 1000 prop_newQuantitySumEqual Classified)
225

P 226 where (organicOrderBook, organicTrades) = mat

© 227 prime0Ob = OrderBook [] []
228 primeTrds = []
229 (finalOrderBook, trades) = matchNewOrde L
230 v
231 1 1 ) ) o
232 -- properties tests related to g ec j 5 10000 prop newQuantitySumEqual Classified)
233 ok
234

235 prop_tradesQuantitySum_check :: Order -> OrderBool

PROBLEMS ~ OUTPUT  DEBUG CONSOLE  TERMINAL  JUPYTER

marker encountered: 11914548216615824884). Trying to regenerate the
cache. ..
Resalving dependencies...
Build profile: -w ghc-8.6.5 -01
In arder, the following will be built {use -v for mere details):
- me-haskell-8.1.0.0 (exe:AlLB1Sn) (file src/Al1B1Sn.hs changed)
Preprocessing executable 'AL1B1Sn' for me-haskell-0.1.6.0..

@ Building executable 'AllB1Sn' for me-haskell-0.1.0.0..
[14 of 14] Compiling Main ( src/AlL1B15n.hs, /home/aamer/Documents/University/BSc-Project/haskell-matching-engine/dist-newstyle/build/x86 64-linux/ghc-8.6.5/me-haskell-0.
1.0.0/x/A11B1Sn/build/ALLB1SN/ALLB1SN-tmp/Main.o )

é:;,} Linking shome/aamer/Dacuments/University/BSc-Project/haskell-matching-engine/dist-newstyle/build/x86 64-linux/ghc-8.6.5/me-haskell-6.1.08.0/x/ALLB1Sn/build/A11B1Sn/A11B1SN ...
aanengaaner - Inspiron-7559; ~/Documents/University/BSc-Project/haskell-matching-engines []

@mant O @OAL g Live Share Ln230,Col 1 Spaces:4 UTFB LF  Haskell 7 0%
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() alersnhsm x [aehEhs e Ordertiandler hs o -
= s> e AlBISnhs > [ Main
p 266§ canHeadsMatchGeneral orderBook &
267; | null (buyQueue orderBook) = True
E& 268; | null (sellQueue orderBook) = True
269§ | otherwise = ordersCantBeMatched buyHead sel L]
ﬁ") 270 where buyHead = head $ buyQueue orderBook
Rz sellhead = head $ sellQueve orderfook Compiling Decorators.FillAndKill { Decorator
D\: 272 .
273 -- 2. Property check funct Compiling Decorators.CreditLimit ( Decoraters/CreditlLimit.hs, interpr
l? 274 prop canHeadsMatch Order -> OrderBook -> Properf
275 prop_canHeadsMatch newOrder orderBook = orderBook 2] Compiling Domain.MESer ( nai Service.hs, interpreted )
@ 276 2 2] Compiling Main ( AlL1lB1Sn.hs, interpreted )
2771 brap newCanHeadsMatch :: Order > OrderList > PrakEaR d.
~ 278 ) - ) *Main> gquickCheck prop newCanHeadsMatch
G} 279 Defined at /hol /Documents/Us oject/hasl g d 1
280| prop_newCanHeadsMatch newOrder newOrderList = ]

281

282 where (organicOrderBook, organicTrades) = H
283 primeOb = OrderBook [] [] 3 . ) »
284 primeTrds = [1 *Main> quickCheck 16000 prop_newCanHeadsMatch) S |
285 (finalOrderBook, trades) = matchiewOrde EREREEEI IR LBt —

286 29 4

287

PROBLEMS ~ OUTPUT  DEBUG CONSOLE  TERMINAL  JUPYTER W~ X

Linking /home/aamer/Documents/University/BSc-Project/haskell-matchin
aamer@aamer - Tnspiron-7559: ~/Documents/University/BSc-Project/haskell
Resolving dependencies.

Build profile: -w ghc-8.6.5 -01

In order, the following will be built (use -v for more details):

- me-haskell-0.1.0.0 (exe:Al1B15n) (Tile src/Al1B1Sn.hs changed)
Preprocessing executable 'AL1B1Sn' for me-haskell-8.1.8.9..

Building executable 'AL1B1Sn' for me-haskell-8.1.8.0.

[14 of 14] Compiling Main { src/Al1B15n.hs, /home/aamer/Documents/University/BSc-Project/haskell-matching-engine/dist-newstyle/build/x86 64-linux/ghc-8.6.5/me-haskell-0
1.0.0/%/ALLB1Sn/build/ALLB1SN/ALLEBLSN- tmp/Main.o )

Linking /home/aamer/Documents/University/BSc-Project/haskell-matching-engine/dist-newstyle/build/x86 64-linux/ghc-8.6.5/me-haskell-0.1.0.08/x/A11B1Sn/build/AL1B1Sn/ALLB1SA . .
aamer@aamer-Inspiron-7559:~/Documents/University/BSc-Project/haskell-matching-engine$

frmaint O @O0M0 e LiveShare Ln278,Col 1 Spaces:4 UTF8 LF Haskell & (1

)
i
| > |
ge Sl Jli 00 b 9,8 5 b3 Lho po (o dieal Sy oy T s
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3 AlBISnhs |,M ® 3¢ OrderHandlerhs 7 e MEhs 4 3¢ AlB1Snhs 1M o m m -
>infra > 3 Coverage.hs > [3 Infra.Coverage sre > % AlBISLe > [ Main
O 1 module Infra.Coverage 5 1 {-# OPTIONS_GHC -Wno-unrecognised-prag
2 ( Coverage 2 {-# HLINT ignore "Use <$>" #-} L
3 7 Eavaragelnts sskell-matching-en 1
4 , CoverageItem
N 5 , covers L.
. 6 coverageScore 9 12] Compiling Decorators.FillAndKill ( Decorators/FillAndKill.hs, interpr
7 , emptyCoverage ) 3 ) !
8 ) where of 12] Compiling Decorators.CreditLimit ( Decorators/Credi mit.hs, interpr
g> J ot 12] Compiling Domain.MEService ( Domain/MEService.hs, interpreted )
10 ot Mot sa Traas. Stuta 12] Compili ( AL1B1Sn.hs, interpreted )
® s foList size y - modules 1
11 import " Data.Set as St quickCheck prop_newTradePriceCompareWithHeads Classified
o 12
13

14 type CoverageItem = String
15 type CoverageInfo = [CoverageItem]

quickCheck (withMaxSuccess 16000 prop newTradePriceCompareWithHeads Cla

18 emptyCoverage :: CoverageInfo
19 emptyCoverage = []

OUTPUT  DEMUGCONSOLF  TERMINAL  JUPYTFR

1.0.0/x/A11B1Sn/bui Ld/AL1B1SN/ALLBISN- tmp/Main.o )

Linking /home/aamer/Documents/University/8Sc-Project/haskell -natching-engin
aanergaaner - Inspiron-7559:-/Documents/University/BSc-Project/haskell-natchifiey
Build profile: -w ghc-8.6.5

In order, the follawing will be built (use -v for more details):

- me-haskell-0.1.0.0 (exe:ALIBISN) (file src/AULE1SN.hs (hanged)
Preprocessing executable 'AllB1Sn' for me-haskell-6.1.0.0.
Building executable 'ALLBISn' for me-haskell-0.1.0.0
(14 of 14] Compiling Main ( src/ALLBISN.hs, /home/aamer/Documents/University/BSc-Project/haskell-matching-engine/dist-newstyle/build/x86_64-linux/ghc-8.6.5/me-haskell-0.
1.0.0/x/AL1B1Sn/build/AL1B1Sn/AT1B1SN- tmp/Main .o )

Linking /home/aamer/Documents/University/BSc-Project/haskell-matching-engine/dist-newstyle/build/x86 64-linux/ghc-8.6.5/me-haskell-0.1.0.0/x/AT1B1Sn/build/ALLBISN/ALIBISN ...
aanereaaner -Inspiron-7559;:-/Docunents/ University/BSc-Project/haskell-natching-engines
O @VANEI? 4 Live Share Ln17,Col8 Spacesid UTF8 LF Haskell &1
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8 Ubu

65% 0
18% 1
11% 2
6% 3

ntu-20.04

12] Compiling
12] Compiling
12] Compiling
12] Compiling
12] Compiling

elas bl ails alolas O 51 o oS S e iz e (ol ool

Bose Jlo 2 a0 b eesl mlis -

x & Ubuntu-20.04 x & Ubuntu-20.04 x4 v - 0 x

Decorators.MinQuantity ( Decorators/MinQuantity.hs, interpreted )
Decorators.FillAndKill ( Decorators/FillAndKill.hs, interpreted )
Decorators.CreditLimit ( Decorators/CreditLimit.hs, interpreted )
Domain.MEService ( Domain/MEService.hs, interpreted )

Main ( Al1B1Sn.hs, interpreted )

modules loaded.
quickCheck prop_newQuantitySumEqual_Classified
+++ OK, passed 100 tests:

*Main> quickCheck (withMaxSuccess 1000 prop_newQuantitySumEqual_Classified)
passed 1000 tests:

+++ OK

*Main> quickCheck (withMaxSuccess 100000 prop_newQuantitySumEqual_Classified)
+*["[[B+++ OK, passed 100000 tests:

.75U%
LU11%
.599%
.702%
.500%
.033%
.001%
*Main>

Fgo o Jlio Ao b b $lo (Ts ey 10 psai

Ao, VerFY o wais plodl gladeles gud o) lge duo )0 FY/VD jo a5 0o bl jo lg o0
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A Ubuntu-20.04 X A Ubuntu-20.04 X 8 Ubuntu-20.04 x| |~ E.
12] Compiling Infra.Coverage ( Infra/Coverage.hs, interpreted )

12] Compiling Infra.Decorator ( Infra/Decorator.hs, interpreted )

12] Compiling Decorators.Validation ( Decorators/Validation.hs, interpreted )

12] Compiling Decorators.PriceBand ( Decorators/PriceBand.hs, interpreted )

12] Compiling Decorators.Ownership ( Decorators/Ownership.hs, interpreted )

12] Compiling Decorators.OrderHandler ( Decorators/OrderHandler.hs, interpreted )
12] Compiling Decorators.MinQuantity ( Decorators/MinQuantity.hs, interpreted )
12] Compiling Decorators.FillAndKill ( Decorators/FillAndKill.hs, interpreted )
12] Compiling Decorators.CreditLimit ( Decorators/CreditLimit.hs, interpreted )
12] Compiling Domain.MEService ( Domain/MEService.hs, interpreted )

12] Compiling Main ( Al1B1Sn.hs, interpreted )
modules loaded.
quickCheck (withMaxSuccess 1000 prop_newCanHeadsMatch)

passed 1000 tests:

EWNRE O-

#Main> quickCheck (withMaxSuccess 100000 prop_newCanHeadsMatch)
+++ OK, passed 100000 tests:
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12] Compiling Infra.Coverage ( Infra/Coverage.hs, interpreted )

12] Compiling Infra.Decorator ( Infra/Decorator.hs, interpreted )

12] Compiling Decorators.Validation { Decorators/Validation.hs, interpreted )
12] Compiling Decorators.PriceBand ( Decorators/PriceBand.hs, interpreted )

12] Compiling Decorators.Ownership ( Decorators/Ownership.hs, interpreted )

12] Compiling Decorators.OrderHandler ( Decorators/OrderHandler.hs, interpreted )
12] Compiling Decorators.MinQuantity ( Decorators/MinQuantity.hs, interpreted )
12] Compiling Decorators.FillAndKill ( Decorators/FillAndKill.hs, interpreted )
12] Compiling Decorators.CreditLimit ( Decorators/CreditLimit.hs, interpreted )
12] Compiling Domain.MEService ( Domain/MEService.hs, interpreted )

12] Compiling Main ( Al1B1Sn.hs, interpreted )

modules loaded.

quickCheck (withMaxSuccess 1000 prop_newTradePriceCompareWithHeads_Classified)
, passed 1000 tests:

quickCheck (withMaxSuccess 100800 prop_newTradePriceCompareWithHeads_Classified)
passed 100000 tests:
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