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3.3 ReceiptionDesk 0 0 [
3.3.1 000D

ReceiptionDesk U0 OO0 0ODOOOO0OOOODODO0OOODLOODOOOODOODODOOO
goobobobooooboboboobobonoooD oo oocooboD
U00b0o0o0ooooooooooboon RequestD OO OOOOODOODOOOOOODO
O0020000000000000O0\typeof)0D000000D0OO0OO0OOOOOOOOOO
00000000000 \ype()DOOOOOOOOOOOOOOOODOOODOO

private [*Q spec_public non_null @Qx/ List RequestList;

private [*Q spec_public non_null @Qx/ Storage storage;

/%@ public invariant \typeof (RequestList) == \type(Request); Qsx/

0 2: 000 ReceiptionDesk 0 0 00O O

3.3.2 0000 receiptRequest(Request r)

ReceiptionDesk 00 00 O O O receiptRequest UD D DO OODOODOOOOOOOOODOO
00o0DoDooo0oooDoooo0ooooooooooooooooooooooog
000000o00oo0ooo0oooo 30000

O O00Opublic behavior 00 0000000000000 00000O0O0O0OOODOODO0O
000o000ooooooooooooooog

gogno  /«@ public behavior
requires r = null,
assignable storage, RequestList;

ensures \resull == storage.checkStockSatisfied(r);

Qx/

O 3: ReceiptionDesk 0 0 O O O recieptRequest(Request r) D 00000

U300000000requires0 0000000000000 0O0OODOODOOOOODOO
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0000 [0O300000000assignable000000000OOOOOOOOOOODOO
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/* public behavior

assignable RequestList,storage;

ensures (\forall Request r; RequestList.contains(r)
&& (\sum Containerltem ci;\old(storage).deliveringOrder(r).contains(ci);

((Item)ci.getContainedltem().get(0)). getAmount())==r.getAmount();

r.getRequestState() == StockState. DELIVERED);

ensures (\forall Request r; RequestList.contains(r)
&& r.getRequestState() == StockState. SHORTAGE;
\ old(storage).checkStockSatisfied(r)==false);

ensures (\forall Request r;RequestList.contains(r)
&& r.getRequestState()===StockState. DELIVERED
&& \old(r.getRequestState())===StockState. SHORTAGE;
\result.contains(\ old(storage).deliveringOrder(r)));

O 4: ReceiptionDesk 0 0 0 0O O deliveringOrder() 0000 00O

ensures 1 00O 0OOOO0O0O0OO0OO0O0O0O0O0OO0O0OOOOOOOOOO
(\forall D 0 0O O ;boolean O 1;boolean O 2) (1)
O000OD0O0Oboolean0 100000000 OOODOODbooleall 2000000000OODO
(\sum 00 00 ;boolean O ;0 ) (2)

O00000ODOboolean 0000000 DOOOODOOODOOOODOOOOOODOODOOOD

O0O\old(0)0O0000000O0OO0O0O00UODO0O0OO0DDDOODOOODOOOOOD
ooo

0000000000000 0D000000000D00000000000000OA0O storage
O checkStockSatisfied D00 O0D000000OO0O0OO0OO ensures0O00O00O0OO0OONO
ooo

O000o0o0oo00oooooooooooooooooooooooooooooog
000000000oo00ooooO000oo0000ooooooooooDooooDo
0000000000000 000000000000 ensure0 00000000000
000DO0ODOO0ODOODOODOO0ONresut 0OODOOOODOOOODOOOODO

gogob boooobobooobobboooobbbboooobbbooooooboobog
obobOoo0o0obo0ob0D0obOob0b0bb0o0obU0ODbUOOb0O0O0D0ODRequestList O
assignable 000 0O00OO0OOOOOOO0ODOODOOOOOOODOOOOODOOOOOO
storage 0 assignable 10000000000 40000000000
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3.3.4 0000 receiptNewContainerItem(ContainerItem c)

gboogbooboobbooobooboooobooobooboooooobooooboooo
gbbooboobobogboboobuooobobooobobobobooboobab
4000000

/% public behavior
requires ¢ = null;
assignable storage;
ensures (\exists Containerltem ci;
storage.getContainerltemList().contains(ci);
ci.getContainerID()==c.getContainerID());

*/

O 5: ReceiptionDesk O 0 O O O receiptNewContainerItem(Containerltem ¢) 0 00 00O

oo DOs50requires00000O00OO00O0O0OOOOO0OOODLDODOOODODLDOONO
OO0O0CcOnullO0OD0ODODO Containertem OO OO OOOODOOODOOOOOODOODODO
gobogbooabod

goodg booboboobooboooboboobobooboboboboboOobooobo
gboboboboboobobooboboobobboboobobooboboon
gboooobobooobobooboobobuooboboboonoobooooboboan
gbooboboobobooboboobobobooobobooboboobobooon
gbooboboobooboobuoobobuoobobooboboobobooboosn
O0ensures 0000000000000 DOO0O0O0O0D00OONistsODOOODOOODO

(\exists 0 0 0 O ;boolean O 1;boolean O 2) (3)

OO0O000OOboolean D 10000DO0LOOOOODDbooleall 20000000 0OOOODO
gbooboo

0000 DOO00000000DO000000D00D000000 storage0OD0OOOOOO
00000000000 assignable 0O 0O storage 0 OO 00O



3.4 Storage 00O
3.4.1 000D

Storage 00 DOODOO0OO0OOOOODOODOODOOO containerlist OO0 ODODO
00000000 00oonOalitemlist 00D O0O00O0DOO0DDOO00O0O0OOnulOODOOO
O00non_nullO00O00O0O00O0DOOODOOOOOOOOOOOOOOOODOODOO
0000000000000 00000000000000000000 0O \tyoepf(OO)
O\type(D)DODODOOO

gogoboobbuoooobbuooooboooobboooobboobobboooooo
gooobooooooobboooobboo 1looobbbooooboboooooobo
gobobobobobobobobobobobobobobobbobobobobobooobo

oobooboogedonon

private [+ spec_public non_null */ LinkedList containerlist = new LinkedList();

private [+ spec_public non_null %/ LinkedList allitemlist = new LinkedList();

/* public invariant \typeof (containerlist) == \type(Containerltem);
public invariant \typeof (allitemlist) == \type(Item);
public invariant (\forall Item 4i,j;allitemlist.contains(i) && allitemlist.contains(j)
&& il=j;li.getName().equals(j.getName()));
public invariant (\forall Containerltem ci, cj;
containerlist.contains(ci) && containerlist.contains(cj) && cil=cj;
ci.getContainerID()!=cj.get ContainerID()); 10

O 6: 000 StorageOODOOO

3.4.2 [0 000 registContainerItem(ContainerItem c)

gboooopoobobooboboooboboooboooobooboooboobon
gboboboboboboboboboorbgooon
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/* public behavior

requires ¢ = null;

requires (\forall Containerltem 1i; containerlist.contains(i);
i.getContainerID()!=c.getContainerID());

requires (\forall Item 4j; c.getContainedltem().contains(z)
&& c.getContainedItem().contains(j);'i.getName().equals(j.getName()));

assignable containerlist, allitemlist;

ensures containerlist.contains(c);

ensures (\forall ContainerItem 1i;\old(containerlist).contains(i);
i.getContainerID()!=c.getContainerID());

ensures (\forall Item 1i,j; c.getContainedltem().contains(i)
&& allitemlist.contains(j) && \old(j.getName().equals(i.getName()));

j.getAmount() == \old(j.getAmount()+i.getAmount())

);

ensures (\forall Item 1i,j; c.getContainedltem().contains(i)
&& allitemlist.contains(j) && '\old(allitemlist).contains(s);
J.getAmount() == i.getAmount()

)i

ensures '\ old(allitemlist.isEmpty()) ==> lallitemlist.equals(c.getContainedltem());

O 7: Storage 0 0 O O registContainerItem(Containerltem ¢) 0 0 00O O

oo OoOooboooooobobobbO cObbbbUbOO0OUOObDOobDOOOd cbio
000000000000 DO0000000DO00DO00DOO0ODOO0oD0DbOOoDOOO0ODoOOon
Containertem 0000000000 0D0ODOOOO0OO

gooooboooooboooboooOoboobooboboobobooobooooboo
0000000000000 00D00 containeritemlist OO0 OO0O0O0O0DOO0O cO
goboobooboobooooooobooooobotdcobooooooboooooo
000000000 oO0o0b0o0obO00b0DbOo0oDbOo1000Db00 60 required 0O Q
oon

0000 DOO000O00o0ooDOOoO0obOOo0DOOoO0ooOOooOOoOobOOoOoDOoOooOobooonodg
UobD00b000b0b00O0Oensuresd 0000000 ensuresd 00000 oonooononQ
IDO0O0O0O0OO0O0O0O0O00D0ODO0O0O00NYd() 0000000000000 oo0n
O0b00doboooboobooo3tbblenswresd 000 O00OO0O0OOOOODOOOOO
00000000000 0O00oDoOO00ooDoDO00D0bOo0oDoOooooDOOoO0oDOooD
0000000000000 000oDbO04000 ensures0 000000 O00OO0DOOOOO
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gboooobobooobooboobooboboobooboboooboobobooobobo
gbooboboobooooobobooboboobobooboboobobooon
gobobooboo

0000 DOO0000O0000D0O00D000D00000 allitemlist00000000O0O0O
containerlist 1 0 0000000 OODODO assignable000O0O0O0OOOO

3.4.3 0000 updateAllltemList(ContainerItem c)

OO000O0O0DOOO0 registContainertem OO0 00000000 DOOOOOOODOO
000000000000 00O0O0000OD0 800000000 registContainerltem O O
Storage 00000 containerlist 000 0000000000000 0OO0OOOOOODODO
gbobobobobobobobooooooooooo

/* public behavior

requires ¢ = null;

requires (\forall Item 1i,j; c.getContainedItem().contains(i)
&& c.getContainedItem().contains(j);
li.getName().equals(j.getName()));

assignable allitemlist;

ensures (\forall Item 1i,j; c.getContainedltem().contains(i)
&& allitemlist.contains(j) && \old(j.getName().equals(i.getName()));
j.getAmount() == \old(j.getAmount()+i.getAmount())

); 10

ensures (\forall Item 1i,j; c.getContainedltem().contains(i) && allitemlist.contains(j)
&& \old(allitemlist).contains(j) && j.getName().equals(i.getName());
J.getAmount() == i.getAmount()

)i

ensures 1\ old(allitemlist.isEmpty()) ==> lallitemlist.equals(c.getContainedItem());

O 8: Storage 0 O O O updateAllltemList(Containerltem ¢) 0 0 000 O

3.4.4 0000 informEmptyContainer()

goboboagbbuooobooobbooobooobboobbuoobbuoobboboooo
gooooboooooaonooo
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/* public behavior
ensures containerlist.containsAll(\result);
ensures (\forall Containerltem ci; \result.contains(ci);
(\forall Item 1i; ci.getContainedItem().contains(i); i.getAmount()==0)
)
assignable \nothing;

*/

0 9: Storage0 0000000 informEmptyContainer() D00 000

o000l oooobOoboobooobOoooboOoOoboUoboOooOotOllObDObOOODOO
gobooboooobooboooobooboon

0000 DOO0O0OD0O0ODO0O0ODOODbOO Sterage0000O0OO0O0ODOOODOODOODODO
goodobobobooboodbooboboooboobDooboboooboboooboooo
dddensuresd gy

0000000000000 0000000DO00000o0o0boOoooOooan foralld
g1gooooon

0000 0O00000000DOO000DOO0O0D0DbOOO0ObobOOO0ONnothingOOOOOO
gobogg
3.4.5 0000 checkStockSatisfied(Request r)

gboooobooobobodoboboooooboooobooobobooooboooon
gobooboogbobooboobb oooobn

/% public behavior
requires r = null;
assignable \nothing;
ensures \result == (\exists Item 4;allitemlist.contains(i);
r.getName().equals(i.getName())
&& r.getAmount() <=i.getAmount());

0 10: Storage 0 00O O checkStockSatisfied(Request r) D OO OO0
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3.4.6 0000 deliveringOrder(Request r)

OO0O00OO0O0DOO0 ReceiptionDesk OO0 O0O00OOO0DOOOOOOO0ODOOODOCOOODOO
gobooobobooooooboboooboobboobooooo 11ooooogon

/% public behavior

requires r = null;

requires checkStockSatisfied(r);

assignable allitemlist, containerlist;

ensures (\sum Containerltem i; \result.contains(i);
((Item)i.getContainedItem().get(0)).getAmount()) == r.getAmount();

ensures (\forall Containerltem i; \result.contains(i);
((Item)i.getContainedItem().get(0)).getName().equals(r.getName()));

0O 11: Storage 0 0 0O O deliveringOrder(Request r) D 0000 O

00dbh 0000000 r00b0b00bO0bOO0bOOob0ObObOObObOOs32000
000000r0D00000000000D000000000000 Request0 00000
000o0o0o00ooDooooooo0oooooooooooooooooooooon
O ensures 0 000000 checkStockSatisfied D0 00O OD0ODO0O0OD0O0O0OOOODOODODO
o000

0000 0Oo00Oo0obo0oo0ooOooOoooo0oo0oocooOoooooOooooboooon
go0ooooooooooooooooooooooobooooooobo sumtoQO 200
goO0O0O0ensuresO0 00000000
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Oo0oo0ooooooooooooooooooooooooooooooooooono
gooooo0ensuresd 000000

0000 00bOO00OOOobhOobDOOobOOobObOOobDOoOobOOobObOOobOOoOobOobObOOondg
0 O assignable 0 0 0O O OO containerlist O allitemlist 0 0 00O O

3.5 ContainerItem O 0O O
3.5.1 0OOO0O

gobodbooobooooboooboboooooouobbouoobogbod carryingDate
0o00bDobobDooood itemlist OO ODODOO nullOO00OO00OD OO O itemlist
ooo0oooobOo0D tem 0000000000 temlist DO DOOO0OOOOODOO
gobodgboooboobooabog

gobooooo 12000000

private [+ spec_public non_null x/ Date carryingDate;
private int containerlD;
private [+ spec_public non_null x/ LinkedList itemlist;
/* public invariant containerID >= 0;
public invariant \typeof (itemlist) == \type(Item);
public invariant (\forall Item 1i,j;
itemlist.contains(i) && itemlist.contains(j)
&& i 1= j;
i.getName() '=j.getName());

0 12: 000 Containerltem 00 0 OO

3.5.2 [0 000 shippingltem(String name, int num)

gbooooooboboobobobooobobooooboboobobobooobon
gboooooogoboooobooooboboooooobobooobobooooDbo
gbobobobobobobo113gooooogo
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/* public behavior
requires name '= null && !name.equals("");
requires num > 0;
ensures (\exists Item 1; itemlist.contains();
i.getName().equals(name)&&\result == \old(num—i.getAmount()));

assignable itemlist;

*/

0 13: 00 00O shippingltem(String name, int num)

0000 DO0O0OOOensuresd00D0O0O0O0DOO0OO named nullOOOO0OOOODO
gboooboooboboobboboboobobbobboobo0obbdoonbgn ensuresd
gobooboooobooboooobooboooboboooo

O000 existsdO030000000000D00O0OO0C0OODOO itemlist O named O
gobooooboobobbooobuoobboobnm 000000000 O0OOO0O
goboobobooobooboooboobbooboobbooo

0000 0OO0O0DbO0ObO0OU00O0b0bO0ObO0O0O0OODOdassignabledd OO itemlist O
goo

3.6 ItemO0O0O

3.6.1 0O0O0O0O

000000000000 00000000000000000D000000 name O
nll 0000000000000 totalamount O getter 0000000000 DOOOOO

totalamount 0 00 00000000000 name 00000000000 0000O0O0O
00o0oo0ooooooooooooo

o000 1400000
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private [+ spec_public non_null %/ String name;

private [+ spec_public x/ int totalamount;

/* public invariant totalamount >= 0

&& name '= null && 'name.equals("");

*/

0 14: 000 ItemOJ 0000

3.7 Request 00O
3.71 0O0OOO

000000000 OOreceiptionDate 100000000000 0OO0O0OOOODOO
0o00D0b0bOD nulODO000000000000000 deliverlingDate I 0 OO
ggoobobbooooobbbbooooobbbboooobbbbodgd amount O
getter OO0 ODOO0OO0O0OO0DODO publicODOOO

oooooooooooooOooooooOooooDoo0oOondlObObOOoDOoboOg
gooog

gooboobogbobooobooo

gboobobob 100000

private [+ spec_public non_null x/
Date receiptionDate;
private
Date deliveringDate;
private [+ spec_public non_null */
String itemName;
private [+ spec_public x/
int amount;
private
byte requestState;
private [+ spec_public non_null x/

Customer customer;

/* public invariant amount>0; */

0O 15: 000 Request 0O O OO
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3.8 CustomerJ 0[O
3.8.1 0OOOO

00000 Customer 10 O0000O000O0O0OO0DOODOODOODO name,address,zipcode O
0000000000000 00000000000000000000 getter00O00O0O
O0 publicO nullOO00O000O0DOO0OODOO0ODOOODO

00000000 00o0oo0oooooooooo00ooooooooooooon
00o0ooo0ooooooooooo

ooo0bOooobo1le0O0ODO

private [+ spec_public non_null */
String name;

private [+ spec_public non_null */
String address;

private [+ spec_public non_null x/

String zipcode;

/% public invariant 'name.equals("");

public invariant 'address.equals("");

public invariant !zipcode.equals("") 10

*/

0 16: 000 Customer DO OO0

3.9 JMLOOOOOO

gooboooobogoooooobobooboboooJMLODObObDOoDbOobDooDO
goo

gbooobobooobobb200b00000b00boooboobobo3boboonDo
goood
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Version

000 00000000 (Containedltem) 00 (Item) 00000000
000 000000 ItemOO0

000 O000O00O0Javad00000000000000

000 O0000000000000000

02 JMLOOOOOO

LOC JMLO LOC

ReceiptionDesk 141 55
Storage 242 97
Containerltem 171 69
Request 185 87
Item 78 37
Customer 122 55
o0 939 380

O3 JMLODOODOO

19



4 ESC/JavalOO0O0O

gboboobooboboooboogobooboboobooboobooboobooboo
O000OO00OOOESC/Java0 000000000 OCOOOOODOOOOOOOOODOODOO
gobooobooooboobooooboobooobooboooo

4.1 004000000

gbobobobobobobobobobobuobooboboobooboboboboo

4.1.1 000000

000000000000 00DODOOO0OReceiptionDesk 000000 0OOOreceiptNew-
Containerltem 0 000000000000 DO0ODOOOOOOO Storaged 000 registCon-
tainerltem 0000000000000 OO0O0OOODOODOOOOODOOODOODOOODODO
00000000000 00OStorage0 000 updateAllltemList 000000000000
gooobobobooooboobooboogoobooobobooobUoooDoboooDUoDbO
000000D000DOD00O0D00O ReceiptionDesk O DeliveringOrder 00000 OO0OO
O000D00dDeliveringOrder 000000000000 O0OO0OOODO

0000000000000 0000000000 ESC/Javal0000000OOOODO
0000000000000 00000ESC/Javal0 00000000 DOO0OOODOOOO
obobobobobob

oo0obooobOoboobOobobooooo

StockManagement .ReceiptionDesk:
receiptNewContainerItem(StockManagement.ContainerItem)

[5.063 s 27627512 bytes] passed

StockManagement.Storage:
registContainerItem(StockManagement.ContainerItem)

[3.75 s 19131536 bytes] passed

StockManagement.Storage:
updateAllItemList (StockManagement.ContainerItem)
Caution: Unable to check method

updateAllItemList (StockManagement.ContainerItem) of type

20



StockManagement.Storage because its VC is too large

[0.797 s 25322192 bytes] VC too big

receiptNewContainerItem O registContainerltem 0 00 00 ESC/Java0 000000
O00passed 00O OOO0DO0O

0 0 O updateAllltemList 0 00000 VC too bigO DO O0OO0OVCOO Verification
Conditions 000000000000 JMLOODODO JawaOOOOOOOODOODOODO
00o0oooooooooooooog

O0000oDooooooooooooooooooooooooooooooooon
0000000000000 D00000000OupdateAllltemList 0000000000
00o0oO0ooooooooo0oooooooooJMLOODODOO0000000000
oo0ooooooon

000000JMLODODOO ESC/Java0 0000000000 0ODOOOOOOOOOO
oooooooooooo

4.1.2 0O0O0O0O

0000000000 ReceiptionDesk O receiptRequest 10 000000000000
0000000000000 Storaged OO0 checkStockSatisfied 00000000000
000 Storage 0 000 deliveringOrder 00000000000 ODOODODOODOOODO
00000O000O00D0DO00o0o0o0DO00ooDooO0o0oDOoooooDOOo0ooDOooDn
0000D000Storage 00000 deliveringOrder 0000000000000 ODOOO
oono

oooboooboooo

StockManagement .ReceiptionDesk:
receiptRequest (StockManagement .Request)
[6.0 s 21911496 bytes] passed

StockManagement.Storage:
checkStockSatisfied(StockManagement.Request)
[3.078 s 19392984 bytes] passed

000000000000 0000O0000000 ESC/Javal0000000O0OOOOODO
gooooobobooooooooboooJMLOobooooobooobooobooobboooo
gobogbobogodgood
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4.2 0O00OO0O0OO0OOO0OO
4.2.1 00000

000000 Storage 0O OO deliveringOrder 00 000000000 ODOODODOO
O0000000ReceiptionDesk 000 0000000000000 O0O0ODOOOOOOOO
000000 deliveringOrder 0 000 0O 0O O 0O O O ReceiptionDesk [0 deliveringOrder 0
00000000000 Storaged OO0 checkStockSatisfied O deliveringOrder 0 0O O O
o000

Storage 0 0 O O deliveringOrder O 00 0 O Containerltem 0 00000000 OO ship-
pingtem 00000000000 setter 0000000000000 OOOOODOO

000000D0DoO0oooooooooooooo

StockManagement .ReceiptionDesk: deliveringOrder ()

[6.64 s 24705360 bytes] passed

StockManagement.Storage:
deliveringOrder (StockManagement .Request)
Caution: Unable to check method
deliveringOrder (StockManagement.Request) of type
StockManagement .Storage because its VC is too large

[1.328 s 30618536 bytes] VC too big

StockManagement.ContainerItem:
shippingItem(java.lang.String, int)
[19.0 s 21894248 bytes] passed

StockManagement.Item: setAmount(int)

[0.219 s 13973096 bytes] passed

ooboOo0oOoooOoovecoOobooOoOdJavadOOOOOODOOOODOOODOOO Stor-
age 1 0 00 deliveringOrder 0 0 00000000 ESC/Javal 0000000 O0OOO
0000000D00000D0D00000 Storaged 000 deliveringOrder 0 00 0O O Re-
ceiptionDesk O deliveringOrder 0O DO OO0OOOO0OODODOOODOOOstorage d OO0
deliveringOrder U0 OO0 O0JMLOOOOOOODOODOOOOOODODOOOOODOO
ooo
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O000O0OO0OESC/Javal 0000000000000 JMLODODOODOOOOOOOO
gooogooo

4.3 00OO0OO0O0OO
4.3.1 00O0O0OODODOOD

00000D00D0000000ODODOReceiptionDesk [0 deliveringOrder 0 00000000
00000000000000000000OcheckStockSatisfied 0000000000000
00000 Storage 0000 deliveringOrder 0 00000000 ONOO OO shippingltem
ooobobooo

000000000000 0ooooOJMLODODO ESC/Javal0 00000000 0OO0O
0000000 0O0o0oDOoobO0o0o0ooDobO00ooOobOo0o0oDoOoooDO0oDbOOoO0oDOooDD
oogoooo

4.4 000OO0O0ODOOO

g4000000000000000000O00DO0DO0ODO SsO0000O00O00OO0

ooo o000 |00 (s)
ReceiptionDesk 22.546
receiptRequest 6.0

deliveringOrder 6.64

getRequestList 0.031

getStorage 0.047

getltemList 0.313

getContainerItemList 0.187

receiptNewContainerltem 5.063

ReceiptionDesk 0.75

Storage 20.609

registContainerltem 3.75
updateAllltemList 0.797
informEmptyContainer 5.672
checkStockSatisfied 3.078
deliveringOrder 1.328
getltemList 0.25
getContainerltemList 0.156

23



Storage 2.766

Containerltem 44.149
shippingltem 19.0

getContainerID 0.078

getAmount 8.11

getReceiptionDate 0.062

getContainedltem 0.282

ContainerItem(int, List, Date) 2.281

ContainerItem(int, List) 2.297

ContainerItem(iint) 1.672

toString 6.656

Request 10.281
registShortageStock 0.14

regist AlreadyDelivered 0.063

getCustomer 0.015

setAmount 0.078

getAmount 0.032

getRequestState 0.015

getReceiptionDate 0.063

compareTo 0.359

getName 0.25

Request(String, int, Customer, Date, byte) 2.844
Request(String, int, Customer, Date) 2.812
Request(String, int, Customer) 1.125

Item 23.375
getName 0.688

get Amount 0.281

setAmount 0.219

toString | 18.894

Item 1.0

Customer 18.219
informShortageStock 0.219

getName 0.36

24




get Address 0.39

getZipCode 0.297

equals 2.891

setName 1.094

setAddress 1.174

setZipCode 1.204

Customer(String, String, String) 5.203

Customer() 3.125

00 193.179

0 4: ESC/Java0 00000000000

CPU Pentium4 2.66GHz
RAM 1GByte
OS WindowsXP Professional SP2
JDK 1.4.2
ESC/Java 2.0b
05 0000
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5 AlloyOOGOQOO

OO0 AlloyOOOOOOOOODOOODOOOO

JMLOOOOOOAloyOOOOOOOOOOOOOOOOOOOODOOOOOOOO
OO0 AlloyOOOOOOOOODOOODOOOOOOOO

gooooboooobobooobboooobobobogbobobooboobooooo
goboJMLODODOODODOO0ODODOO0ODOO0ODOOO0OOO0bOoO0O0oO0o0ooO00ooDoOoooDOoo
gbooobobooobobooooboboooboobooooboboboboobobooboo
obooboooo

5.1 AlloyOoonQono

~

Class Invariant \ Gass Invariant \

Requires | » Pre conditio Post conditio

\ AN

0O 17: AlloyDOOOQOOOODOOOCOO

AlloyDOO0O0O0O0OODOOOOOOO0OOODOOOOOOO

Ulrobogogoogoooboobobogobobobobobobobobobobobo
00000000000000000000000O0O0O00000 (CO0O AODOO)OO
gboboooboobooboboobbooboobobobobobooboobobooon
0000000000000 oOooUooO (oo BOOO)O
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00000 AQO0O0O0O0OoOooOoOoOoO0OoU0OoOooOCOOOO0OBOUOODODOODOOOOOO
oo0obOOoO0boOO00 ADBODOOOODOOOOODOOODOOOODOOODOD
gobodbooooboobooobooboobbuooboobobooboobobon

gbobobooboooboboobobooboobooobooboooo

5.2 0OO0ODOOODOO

5.2.1 Storaged 00

fact Storage_Invariant{

all

all

all

all

all

all

all

all

all

s:Storage, c: Containerltem|
¢ in s.containerlist => #c.itemlist > 0
s:Storage|
#s.containerlist > 0 => #s.allitemlist>0
s:Storage|
#s.allitemlist > 0 => #s.containerlist>0
s:Storage|
#s.containerlist = 0 => #s.allitemlist=0
s:Storage| 10
#s.allitemlist=0 => #s.containerlist=0
s:Storage,i,j:Item)|
i in s.allitemlist && j in (s.allitemlist—1)
=> i.getName[] = j.getName[] && #(s.allitemlist & i) = 1
s:Storage,i,j: ContainerItem|
i in s.containerlist && j in (s.containerlist—i)
=> i.getContainerID[]!=j.getContainerID[]
s:Storage|
s.containerlist.itemlist. name in s.allitemlist.name
s:Storage| 20
all i,j:Item, c:Containerltem|c in s.containerlist
&& j in c.itemlist && i in s.allitemlist
=> i.getAmount[] = (sum c.getAmount[i.getName[]])

018 00000Sterage000O0OO0O0OO0O0OOO

018000000OStorage0 0000000 OODOOO0O

goboobooboobooboobogooooboboboboboobooooboooDo
gbobooboooboooboobuooboobboobooboobuooboobooobo
gbboooobobbobuooobobobooobobobobooobooboboboooobon
gobobobobo ibboboboboboboboo
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gbobooobooboobooobooobobooobooboboobooobboooogan
goboobooboooooobooobooonooo
goboobooboooobooboo

al000 :000000 |000 (4)

0000000000000 0000000000000000000000 alli,j: Item|
goobbooboobbooboobboobooobo

sum U (5)

gobooobooboooboobooooboobooooogaon

5.2.2 ContainerItem 0 00O

fact ContainerItem_Invariant{
all c:Containerltem|
c.container]ID>=0
all c:ContainerItem|
#c.itemlist >0
all c:Containerltem|
c.carryingdate '= none
all  c:Containerltem|
all 4,j: Item)|
1 in citemlist && j in c.itemlist—i
=> i.getName[]!=j.getName[] && #(i&c.itemlist) = 1
&& #(c.itemlist — i) = #c.itemlist—1

0 19: 00000 Containerltem OO0 D0O0O0O0OOCOOOOODO

gooooooogibooooooboobobobobobobboboboooooooo
gbooobobooboboobooboboooboboobooboobooobooooDo
gobodgobood

OOO0OStorage0 000 AIO0400000000000000O00C00O0O00ODODO
gobooboooobooboopoobooboobbooboobobobobooboooboon
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5.2.3 ItemUO0O0O

fact Item_Invariant{
all i:Item)|
i.totalamount >= 0

&& i.name '= none

UO20: 00000kemO000000O00O00OO0ODO0O

totalamount 0 00 OO OO0 O0O0O0OO0O0OOO0ODOO0ODOOOOODO0ODOOOODO
ooo

5.2.4 Request 000

fact Request_invariant{
all r:Request|
r.receiptiondate!=none
all 7:Request|
r.itemname!=none
all r:Request|
r.amount > 0
all r:Request]|
r.requeststate in StockState
all r:Request| 10
r.customer = none

UO21: ODO0O0O0ORequest D0 OO0 OOODOOOODOO

O000000DO00C0DO000O0DO0O00O00O0O0D0O0OdOD fact0DOO0O0ODO
StockState 0 0 000000 DODODOOOOOOOOO0O0O0O0O0O0O0O0O0O00O000COOOO
0000000000000 0D0in000DD00O0Orequeststate d StockState D 0 00O
gobodgboooboboobooobboobuooboobbooboobo
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5.2.5 CustomerJ 00O

fact Customer_invariant{

Customer.name = none
Customer.address '= none
Customer.zipcode = mnone
name '= address

address '= zipcode
zipcode = name

022 00000CustomerJ10000000000O0O0O0

oob0oo0ooOobOooooboboobooboOoooOoDooODOoO stringd0OOOD0OO
gboboobobbobooboboboooooboobobobooboboboooon
gobooobooboooooooo

5.3 0O0O4O0Od
5.3.1 0O0O0OO0OD0OOOODOO

02300000000000000 AlleyDOODOQOOOOOOoOoOoOOOOoOOOoOO
oo0oo0oooooobooboooouoooooooboonoooooooooon
0o0000dooooo IbOo00O0oOoo0o0oooOoOoooOooOooooooooooao
registContainerltem pre 0 00O 0O OO O

oo oooooooooooooon
goooooooooooooooooogooooooooooboooooooooon
O registContainerltem post 0 00000 OO

0000000000000 00D0000000000000000O0sO000D000
do0o0oOoOo00o00oobObo0o0o0os oobobobooooooboooooooDoooa
0ddo0bOo00dO0sO 0000 bOo0oooobObO0o0ooDDbOoOO chbobooooooa
0ooooooooooooooooooboooooooooooooooooon
registContainerltem_body 0000000000

000000o0Doo0o00ooo0oooDoo0ooooDo0oooooDoooooDoOoo
00000ooooooboooooog 2300 assert 00O OOOOOOO0O
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pred Storage.registContainerltem_pre[c: Containerltem]{
¢ = none
all ci:ContainerItem|ci in this.containerlist
=> ci.getContainerID[] = c.getContainerID|]
}
pred Storage.registContainerltem_post|[c: Containerltem]{
¢ in this.containerlist
}
pred registContainerltem_body|s,s':Storage,c:Containerltem]{
s.registContainerltem_pre[c] && s'.registContainerItem_post|c]
=> s.containerlist = s'.containerlist — c
}
assert Storage_registContainerltem{
all s:Storage, c:Containerltem|some s':Storage|

registContainerItem_body[s,s" |

0 23: AlloyO OO Storage OO0 O0O0O0OOOCO0O

53.2 0OUO0OO0OOODOO

02000000000000000 AlleyO0DODOOOOO0ODOOOODO

0000000000000 o0ooooooooooooooooooooooooon
00000000000 DO000D0O000000000 checkStockSatisfied 000000

0 O O checkStockSatisfied 0 000 0000000000000 O0O00OODODOOOOOO
O checkStockSatisfied pre 0000000 OO0

0000000000000 0o0o0oo00o0Dooooooooooooooooog
0000000 00ooo00oooo0oooooo000oooooooooooDooon
00000000 checkStockSatisfied 0000000000000 OODOODOODOOODO
000o000oo0o0ooooooooooooon

O00D0O0O0ODO0OD0O0OD0OO checkStockSatisfied_post 0 000000

000000000 OcheckStockSatisfied pre 0000000000000 OOOODOO
0000000000000 0D00D000 checkStockSatisfied post 0000000000
000D00OD0assert 0OO0OO0ODOOO

31
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pred Storage.checkStockSatisfied[r: Request]{

r.getName[] in this.allitemlist.name

some i:ltem|i in this.allitemlist && i.getName[] = r.getNamel]
&& i.getAmount|[] >= r.getAmount[]
}
pred Storage.checkStockSatisfied_pre[r: Request]{
r 1= none
}
10
pred Storage.checkStockSatisfied_post[r: Request]{
r.getName[] Vin this.allitemlist.name => lthis.checkStockSatisfied[r]
r.getName[] in this.allitemlist.name
&& (all i:this.allitemlist|i in this.allitemlist
&& i.getName[] = r.getName[] && i.getAmount[] >= r.getAmount|[])
=> this.checkStockSatisfied[r]
(all i:ltem|i in this.allitemlist && i.getName[] = r.getNamel]
&& i.getAmount[] < r.getAmount[])
=> lthis.checkStockSatisfied[r]
} 20

assert Storage_checkStockSatisfied{
all s:Storage,r: Request|
s.checkStockSatisfied_pre[r]=>s.checkStockSatisfied_post[r]

O 24: Alloyd0 00O Storage 00O 0000

5.3.3 0O0O0OO

O000000000000oooooO0o0O0OC0C0OC0OO0O0O0O000OooUoO AlleyO
gobooobog20bgooobooboooobooboobooboobobooobooo
gooobooboooboobooooboboobobooooboooobboboOobboon
oooooooO0ooooDooOoOooooDbOobooOo0oboDOOOdshippingltem D OOOO
ooooOooo0oooD fimO0OoDOOO0O0OO

gboobooooboobobooobooboboobooboboooboobooobon
000Db0b0ObO0bOobOobOob shippingltem prel 00O OOOOODO

gooogbooooboboogobooooobooboobobooobooboooboboon
gbobgbogbobodbobbooboooobobobobuoobouoobobaaon
gobooobooboooooobooooobooon
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goo0obO0ooooooOobooooOoboobOODOOODOOODOODOODOOOODO
00000000 ooob0oooboobooooooogn shippingltem_post_pre O
ooooooo

gooobobobobodobobooobobobooobDoobobboobobboUoboo
0000 00 shippingltem post pre 1 0000000000000 DOODOOOOOOODO
00000000000 00D00 Setter 00000 O0O0OO0OODOODOOODOOOODODO
O O shippingltem post pre D D 000D 0DO0O0OODOOODODDOOOOOOOOODODOO
00oo0o0oobOoobOooobooobOooobobobDoooDoobobOoooooonO
00oOdogd Setter OO O00OD0OODOOOO0OODOODOOOOODODODODDOODODODOOD
oooddboboboboobobobsbooboboobobboboobboooo
000 shippingltem_post_post 00 OO0 OO

ooooooooooobbooooU0 cbooooboooooooboooooo
gooobooobooobobobooboooboo doboobobobobobodbb cOOD
0000000000 D0ODOO0O0OOshippingltem_post post 0O 00c 0 cOOO0OOODO
0ooo00oooobOooOobOoooOOobDobOo0oooobO oo oobOobDooOoOoooOoon
shippingltem post pre I 00O c OO DD O0ODOO0ODO0ODOOMOOODOONO assert OO
oopoooooo
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fun ContainerItem.shippingltem[n:String, a:Int]: Int{

this.itemlist.getName[|=n

=> a — this.getAmount[n] else a
}
pred Containerltem.shippingltem_pre[n:String, a:Int]{
nl=none
a>0

10
fun ContainerItem.shippingltem_post_pre[n:String,a,b:Int]: Int{
this.itemlist.getName[] = n

=> b else a

pred Containerltem.shippingltem_post_post[n:String,a,b:Int]{
all i:Item|Item in this.itemlist && i.getName = n &&
this.shippingltem_post_pre[n,a,b] = 0—i.getAmount[]
=> i.setAmount[0—this.shippingltem_post_pre[n,a,b]]
all i:Item|Item in this.itemlist && i.getName[] = n && 20
this.shippingltem_post_pre[n,a,b] > 0 && i.getAmount[]=0
=> i.setAmount[0]
all i:Item|Item in this.itemlist && i.getName = n
=> this.shippingltem_post_pre[n,a,b]=a
}
assert Containerltem_shippingltem{
all c,c':ContainerItem,n:String,a:Int|
c.shippingItem_pre[n,a] =>c.shippingItem[n,a]l = a - c.getAmount [n]
| | c.shippingItem[n,a] = a
&& 1let b=c.shippingItem[n,al |c'.shippingltem_post_post[n,a,b] 30
&& c.getAmount[n] = c¢'.getAmount[n] - c'.shippingltem_post_pre[n,a,b]

0 25: Alloy 0 00O Containerltem 0 0 0 00O
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6 Alloy AnalyzerOO O QOO

6.1 00OOOODOODOOD

OO000000000O000000 registContainerltem body 00O 0000 O Alloy-
Analyzer 0000000000000 2600000000 AlloyAnalyzer00Op=q0O0
ooboouobDp0O000000000D0O00D00b0essert 000000 OoooOO

No counterexample found. Storage_registContainerItem may be valid.

gobodgbobooobodabod

m L Storage
_budy_c) (JregisiC _body_s, SregisiCt _body_g)

. ~
™\, containeriD ‘g2 ale

|
\ dudress tternitern | % |
J /
— - ’
- Ma\amuunk 7 ’— ObjectiDate

0 26: AlloyAnalyzer 000000000000 COO

6.2 0O0OOO0ODOOOOO

000000 0O0OOcheckStockSatistied 00000000000 AlloyAnalyzer 0 0 00O
00000000DO 2r0000000000D00D00000DO0OD00OD0000 String2 0
ooo0r70ooodooooooooooyooooobooooooooooooooooo

O0O0assert 000 000000ODODOOD

No counterexample found. Storage_checkStockSatisfied may be valid.
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No counterexample found. ContainerItem_shippingltem may be valid.
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\forall all
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A JMLOOJavaOODOOOOOOODOOOOOODO

A-a  ReceiptionDesk.java

package StockManagement;
import java.util.x;

public class ReceiptionDesk {

private /%@ spec_public non_null Qx/ List RequestList;
private /*Q spec_public non_null Qx/ Storage storage;

/*@Q public invariant \typeof (RequestList) == \type(Request);

@x/

/*Q public behavior

requires r = null;

assignable storage, RequestList,

ensures \result == storage.checkStockSatisfied(r);

Q@x/
public boolean receiptRequest(Request r){

if (storage.checkStockSatisfied(r)){
storage.deliveringOrder(r);
return true;

}

if (RequestList.add(r)){
int tmpsize = RequestList.size();
Request tmplist]] = new Request[tmpsize];
Iterator i = RequestList.iterator();
for(int j=0;i.hasNext();j++){

tmplist[j] = (Request)i.next();
}
Arrays.sort(tmplist);
RequestList.clear();
for(int j=0;j<tmpsize;j++){
RequestList.add(tmplist[j]);

}

return false;

}

else return false;

/%@ public behavior
assignable RequestList,storage;

ensures (\forall Request r; RequestList.contains(r)

10

20

30

40



&& (\sum Containerltem ci;
\old(storage).deliveringOrder(r).contains(ci);
((1tem)ci.getContainedItem().get(0)).get Amount()

)

== r.getAmount();

r.getRequestState() == StockState. DELIVERED

)i

ensures (\forall Request r; RequestList.contains(r) 50
&& r.getRequestState() == StockState. SHORTAGE;
\ old(storage).checkStockSatisfied(r) == false);

ensures (\forall Request r;RequestList.contains(r)

&& r.getRequestState() == StockState. DELIVERED

&& \old(r.getRequestState()) == StockState. SHORTAGE;

\ result. contains(\ old(storage).deliveringOrder(r)));

@x/
public List deliveringOrder()
{
Iterator © = RequestList.iterator(); 60
List deliveredlist = new LinkedList();
while(i.hasNezt()){
Request request = (Request)i.next();
if (request. getRequestState()!=StockState. DELIVERED){
if (storage.checkStockSatisfied (request)){
deliveredlist.add(storage.deliveringOrder(request));
request.registAlreadyDelivered();

} else {
request.registShortageStock();

request. getCustomer().informShortageStock(request); 70
}
}
}
return deliveredlist;
}
/*Q public behavior
assignable \nothing;
ensures \typeof (\result) == \type(Request); 80

@x/
public /%@ pure @Qx/ List getRequestList()

{

return RequestList;

/*Q public behavior

ensures \result == storage;



assignable \nothing; 90
Q@x/
public /%@ pure @x/ Storage getStorage()

{

return storage;

/%@ public behavior
requires \typeof (storage.getltemList()) == \type(ltem);
assignable \nothing; 100
ensures \result == storage.getltemList();
@x/
public /%@ pure Qx/ List getltemList()

{

return storage.getltemList();

/*@Q public behavior
requires \typeof (storage.getContainerItemList()) 110
== \type(Containerltem);
assignable \nothing;
ensures \result == storage.getContainerItemList();
@x/
public /%@ pure @Qx/ List getContainerltemList()

{

return storage.getContainerltemList();

120
/*Q public behavior
requires ¢ '= null;
assignable storage;
ensures (\ezists ContainerItem ci;
storage.getContainerltemList().contains(ci);
ci.getContainerID()==c.getContainerID());
@x/
public void receiptNewContainerltem(Containerltem c)
{
Containerltem citem = 130

new Containerltem(c.getContainerID(),
c.getContainedItem(),
c.getReceiptionDate()
)i
storage.registContainerItem(c);

deliveringOrder();



/*Q public behavior
assignable RequestList, storage; 140
@x/
public ReceiptionDesk()

{

RequestList = new LinkedList();

storage = new Storage();

}

A-b  Storage.java

package StockManagement;
import java.io.x;
import java.util.x;
public class Storage{
private [*Q spec_public non_null Qx/
LinkedList containerlist = new LinkedList();
private /%@ spec_public non_null Qx/
LinkedList allitemlist = new LinkedList();

/*Q public invariant \typeof (containerlist) == \type(Containerltem); 10

public invariant \typeof (allitemlist) == \type(Iltem);

public invariant (\forall Item 4i,j;allitemlist.contains(i)
&& allitemlist.contains(j)
&& il=j;li.getName().equals(j.getName()));

public invariant (\forall Containerltem ci, cj;
containerlist.contains(ci) && containerlist.contains(cj) && cil=cj;
ci.getContainerID()!=cj.get ContainerID());

Qx/

/%@ public behavior 20
requires ¢ = null;
requires (\forall Containerltem 1i; containerlist.contains(i);
i.getContainerID()!=c.getContainerID());
requires (\forall Item 4j; c.getContainedItem().contains(z)
&& c.getContainedItem().contains(j);
li.getName().equals(j.getName()));
assignable containerlist, allitemlist;
ensures containerlist.contains(c);
ensures (\forall Containerltem i;\old(containerlist).contains(i);
i.getContainerID()!=c.getContainerID()); 30
ensures (\forall Item 1i,j; c.getContainedltem().contains(i)
&& allitemlist.contains(j) && \old(j.getName().equals(i.getName()));
j.getAmount() == \old(j.getAmount()+i.getAmount())



ensures (\forall Item 1i,j; c.getContainedltem().contains(i)
&& allitemlist.contains(j) && \old(allitemlist).contains(j);
J.getAmount() == i.getAmount()

)i

ensures \old(allitemlist.isEmpty())
==> lallitemlist.equals(c.getContainedItem());

@x/
public void registContaineritem(Containerltem c)
{
containerlist.add(c);
updateAllItemList(c);

return;

/*Q public behavior
requires ¢ = null;
requires (\forall Item 14,j; c.getContainedItem().contains(z)
&& c.getContainedItem().contains(j);
li.getName().equals(j.getName()));
assignable allitemlist;
ensures (\forall Item 1,j; c.getContainedItem().contains(i)
&& allitemlist.contains(j) && \old(j.getName().equals(i.getName()));
j.getAmount() == \old(j.getAmount()+i.getAmount())
)i
ensures (\forall Item 1i,j; c.getContainedltem().contains(i)
&& allitemlist.contains(y)
&& W\ old(allitemlist).contains(j) && j.getName().equals(i.getName());
J.getAmount() == i.getAmount()
)i
ensures !\ old(allitemlist.isEmpty())
==> lallitemlist.equals(c.getContainedItem());
@x/
private void updateAllltemList(Containerltem c)

{

Iterator i = c.getContainedItem().iterator();
/*Q
maintaining 1 '= null && i.hasNext();
maintaining (\sum Item item;allitemlist.contains(item);item.getAmount())
== \old((\sum Item item;allitemlist.contains(item);
item.getAmount()))
+(\sum Item item;c.getContainedItem().contains(item);
item.getAmount());
@x/
while(i.hasNezt()){
Item itemi = (Item) inext();

Iterator j = allitemlist.iterator();
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/xQ
maintaining j '= null &&j.hasNezt();
maintaining itemi = null && itemi.getAmount()>0;
maintaining (\exists Item it;allitemlist.contains(it)
&&it.getName().equals(items.getName());
it.getAmount()
== \old(it.getAmount())+itemi.get Amount());
Qx/
while(j.hasNezt()){ 90
Item itemj = (Item) j.next();
if ((stemy.getName()).equals(itemi.getName())){
itemy.setAmount(itemy.get Amount()
+ itemi.getAmount());
break;

}
/*Q
assert (\ezists Item it;allitemlist.contains(it)
&&it.getName().equals(itemi.getName()); 100
it.getAmount()
== \old(it.getAmount())+itemi.get Amount());
Qx/
if (1. hasNext()){
Item tmpitem = new Item(items.getName(),itemi.getAmount());

allitemlist.add(tmpitem);

/%@
assert (\sum Item item;allitemlist.contains(item); 110
item.getAmount())
== \old((\sum Item item;
allitemlist. contains(item);item. getAmount()))
+ (\sum Item item;
c.getContainedItem().contains(item);

item.getAmount()

Qx/
return;
} 120

/*Q public behavior
ensures containerlist.containsAll(\result);
ensures (\forall Containerltem ci; \result.contains(ci);
(\forall Item 1i; ci.getContainedItem().contains(i); i.getAmount()==0)
)i
assignable \nothing;

@x/



public LinkedList informEmptyContainer()
{
LinkedList tmp = new LinkedList();
Iterator i = containerlist.iterator();
while(i.hasNezt()){
boolean b=true;
Containerltem citem = (Containerltem)i.next();
Iterator j = citem.getContainedltem().iterator();
while(j.hasNezt()){
Item item = (Item)j.next();
b &= (item.getAmount()==0);
}
if(b) tmp.add(citem);

}

return tmp;

/*Q public behavior
requires r = null,
assignable \nothing;
ensures \result == (\exists Item i;allitemlist.contains(i);
r.getName().equals(i.getName())
&& r.getAmount() <=i.getAmount());
@x/
public boolean checkStockSatisfied( Request 1)
{
Iterator i = allitemlist.iterator();
while(i.hasNezt()){
Item item = (Item)i.next();
if (r.getName().equals(item.getName())
&& r.getAmount()<=item.getAmount()){

return true;

}

return false;

/*Q public behavior
requires r = null;
requires checkStockSatisfied(r);
assignable allitemlist, containerlist;

ensures (\sum Containerltem i; \result.contains(i);

((1tem)i.getContainedItem().get(0)).getAmount()) ==

ensures (\forall Containerltem i;\result.contains(i);

((Item)i.getContainedItem().get(0)).getName().equals(r.getName()));

Qx/
public List deliveringOrder(Request )

r.getAmount();

130
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int shortageamount = r.getAmount();

int n = r.getAmount();
List DeliveredList = new LinkedList();

Iterator i = allitemlist.iterator(); 180

while(i.hasNext()){

}

Item item = (Item)i.next();
if (item.getName().equals(r.getName())){

item.setAmount(item.getAmount() — r.getAmount());

Iterator j = containerlist.iterator();
while(j.hasNext()){

break;

Item delivereditem;

Containerltem containeritem

= (Containerltem)j.next(); 190
n = containeritem.shippingltem(r.getName()
,r.getAmount());
if (n>0){
delivereditem =

new Item(r.getName(),
containeritem.getAmount(r.getName()));
}else{
delivereditem = new Item(r.getName(),—n);
}
List cil = new LinkedList(); 200
cil.add(delivereditem);
Containerltem c¢ =
new Containerltem(
containeritem.getContainerID(),
ct,
new Date(r.getReceiptionDate())
)i
DeliveredList.add(c);
if(n<=0) break;
210

return DeliveredList;

/*Q public behavior
ensures \result == allitemlist;
assignable \nothing;
Q@x/
public /%@ pure Qx/ List getltemList()

{

220



return allitemlist;

/%@ public behavior
ensures \result == containerlist;
assignable \nothing;
@x/
public /%@ pure @Qx/ List getContainerltemList()

{

return containerlist;

/%@ public behavior
assignable \nothing;
ensures containerlist.isEmpty();
ensures allitemlist.isEmpty();

Q@x/

public Storage()

{
//containerlist = new LinkedList();
//allitemlist = new LinkedList();

}

A-c Containerltem.java

package StockManagement;
import java.utilx;
import java.util*;
public class Containerltem {
private /+*Q spec_public non_null Qx/ Date carryingDate;
private int containerID;
private /+*Q spec_public non_null Qx/ LinkedList itemlist;
/*@Q public invariant containerID >= 0;
public invariant \typeof (itemlist) == \type(Iltem);
public invariant (\forall Item 4ij;
itemlist.contains(i) && itemlist.contains(y)
&& i '= j;i.getName() !=j.getName());
Qx/

/*Q public behavior
requires name != null && !name.equals("");
requires num > 0;
ensures (\exists Item i; itemlist.contains(i);
i.getName().equals(name)&&\result == \old(num—i.getAmount()));

assignable itemlist;

230
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@x/
public int shippingltem(String name, int num)

{

Iterator i = itemlist.iterator();
int tmp = num;
while(i.hasNezt()){
Item item = (ltem) i.next();

System.out.println(item.getName() + " , " + name);
if ((item.getName()).equals(name)){
tmp —= item.getAmount(); 30
if (item.getAmount() > num) {
item.setAmount(item.get Amount()—num);
} else {
item.setAmount(0);

}

return tmp;

}

return tmp;

/*Q public behavior
ensures \result == containerlD;
assignable \nothing;
@x/
public /%@ pure @Qx/ int getContainerID()

{

return containerlD,;

50
/*Q public behavior
requires name != null && !name.equals("");
assignable \nothing;
ensures (\exists Item 1;itemlist.contains(i);
i.getAmount() == \result) || \result == 0;
Qx/
public /%@ pure @Qx/ int getAmount(String name)
{
Iterator i=itemlist.iterator(); 60
while(i.hasNext()){
Item item = (Item)i.next();

if (item.getName().equals(name)){

return item.getAmount();

}

return O;



/*Q public behavior
ensures \result == carryingDate;
assignable \nothing;
Qx/
public /*Q pure @Qx/ Date getReceiptionDate()

{

return carryingDate;

/%@ public behavior
ensures \result == itemlist;
assignable \nothing;
Qx/
public /*Q pure @Qx/ List getContainedltem(){
return itemlist;

/*Q public behavior
requires 1D >= 0;
requires il '= null
&& \typeof (il) == \type(Item);
requires (\forall Item 4i,j;il.contains(i)
&& il.contains(j) && il.indexOf (i)!=il.indexOf (5);
li.getName().equals(j.getName())
)i
assignable containerID, itemlist, carryingDate;
ensures containerlD == ID;
ensures itemlist.equals(il);
ensures carryingDate.equals(d);
@x/
public Containerltem(int ID, List i, Date d)
{
//long date = d.getTime();
containerID=ID;
itemlist = new LinkedList(il);

carryingDate = d;

/*Q public behavior
requires ID >= 0;

requires il '= null

70

80

90

100

110



&& \typeof (itemlist) == \type(Item);
requires (\forall Item 1i,j;il.contains(i)
&& il.contains(j) && il.indexOf (i)!=il.indezOf (j);
li.getName().equals(j.getName())
)i
assignable containerID, itemlist, carryingDate; 120
ensures containerlD == ID;
ensures itemlist.equals(il);
ensures carryingDate == new Date();
@x/
public Containerltem(int ID, List il)
{
containerID=ID;
itemlist = new LinkedList(il);
carryingDate = new Date();

} 130

/%@
requires 1D >= 0;
assignable containerID, itemlist, carryingDate;
ensures containerlD == ID;
ensures itemlist.equals(new LinkedList());
ensures carryingDate = null;

@x/
public Containerltem(int ID) 140

{

containerID=ID;
itemlist = new LinkedList();

carryingDate = new Date();
}
/%@
also
public normal_behavior
assignable \nothing; 150
ensures \result.matches("ContainerID."
+ containerID + "CarryingDate : " + carryingDate + "\n{1}");
ensures (\forall Item 1; itemlist.contains(i);
\result.matches("~\t" + i + "\n{1}"));
Qx/

public String toString()
{
Iterator i = itemlist.iterator();
StringBuffer tmp = new StringBuffer("ContainerID."
+ containerID + "CarryingDate : " + carryingDate + "\n"); 160
while(i.hasNezt()){



}

Item item = (ltem)i.next();
tmp.append("\t" + item + "\n");

}

return tmp.toString();

A-d

Request.java

package StockManagement;

import java.util.x;

public class Request implements Comparable{

private [+*Q spec_public non_null Qx/
Date receiptionDate;

private
Date deliveringDate;

private /+*Q spec_public non_null Qx/
String itemName;

private /+*Q spec_public @x/ 10
int amount;

private
byte requestState;

private [*Q spec_public non_null Qx/

Customer customer;

/*@Q public invariant amount>0; Qx/

/*@Q public behavior 20

requires requestState '= StockState. DELIVERED;
assignable requestState;
ensures requestState == StockState. SHORTAGE,
@x/
public void registShortageStock()

{
requestState = StockState. SHORTAGE,

30
/*Q public behavior

requires requestState '= StockState. SHORTAGE,;
assignable requestState;
ensures requestState == StockState. DELIVERED;
Qx/
public void registAlreadyDelivered|()



requestState = StockState. DELIVERED;

/*Q public behavior
ensures \result == customer;
@x/
public /%@ pure @Qx/ Customer getCustomer()

{

return customer;

/*Q public behavior
requires num>0;
asstgnable amount;
ensures amount == num;
@x/
public void setAmount(int num)

{

amount = num;

/*Q public behavior
ensures \result == amount;
assignable \nothing;
@x/
public /%@ pure @Qx/ int getAmount()

{

return amount;

/*Q public behavior
ensures \result == requestState;
assignable \nothing;
@x/
public /*Q pure Qx/ byte getRequestState()

{

return requestState;

/*Q public behavior

ensures \result == receiptionDate.getTime();
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assignable \nothing;
Q@x/
public /*Q pure Qx/ long getReceiptionDate()

{

return receiptionDate.get Time();

/*Q also
public normal_behavior
requires o instanceof Request;
assignable \nothing;
ensures \result ==
(int)(receiptionDate.getTime() — ((Request)o).getReceiptionDate());
@x/
public /%@ pure @Qx/ int compareTo(Object o)
{
if(o instanceof Request)
{
return (int)(receiptionDate.get Time()
— ((Request)o).getReceiptionDate()
);
} else {

return 0;

/%@ public behavior
ensures \result.equals(itemName);
assignable \nothing;

Q@x/

public /%@ pure Qx/ String getName()

{

return itemName;

/*Q public behavior
requires rd!'=null,
requires iname != null && iname.equals("");
requires ¢ = null;
requires am>0;
assignable receiptionDate,itemName, amount,requestState, customer;
ensures amount==am,
ensures itemName.equals(iname);

ensures requestState == rqst;
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ensures receiptionDate.equals(rd);
ensures customer.equals(c);
Qx/
public Request(String iname, int am, Customer ¢, Date rd, byte rgst)

{

receiptionDate = rd,
itemName = new String(iname);
amount = am;

requestState = rqst;

customer = c;

/*Q public behavior
requires rd'=null;
requires iname != null && iname.equals("");
requires ¢ = null;
requires am>0;
assignable receiptionDate,itemName, amount,requestState, customer;
ensures amount==am,
ensures itemName.equals(iname);
ensures requestState == StockState. DELIVERED;
ensures receiptionDate.equals(rd);
ensures customer.equals(c);
Q@x/
public Request(String iname, int am, Customer ¢, Date rd)
{
receiptionDate = rd;
itemName = new String(iname);
amount = am,;
requestState = StockState. DELIVERED;

customer = c;

/*Q public behavior
requires iname = null && iname.equals("");
requires ¢ = null;
requires am>0;
assignable receiptionDate,itemName,amount,requestState, customer;
ensures amount==am,

ensures itemName.equals(iname);

ensures requestState == StockState. DELIVERED,;
ensures receiptionDate '= null;
ensures customer == c;

Qx/

public Request(String iname, int am, Customer c)
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}

receiptionDate = new Date();
itemName = new String(iname);
amount = am;

requestState = StockState. DELIVERED:;

customer = c;

A-e

Item.java

package StockManagement;

import java.util.x;

public class Item{

private /%@ spec_public non_null @Qx/ String name;

private /+*Q spec_public @x/ int totalamount;

/*@Q public invariant totalamount >= 0

&& name '= null && !name.equals("");

@x/

/*Q public behavior
ensures \result.equals(name);
assignable \nothing;
Q@x/
public /%@ pure @x/ String getName()

{

return new String(name);

/%@ public behavior
ensures \result == totalamount;
assignable \nothing;
Qx/
public /*Q pure @Qx/ int getAmount()

{

return totalamount;

/*Q public behavior
requires num > 0;
assignable totalamount;
ensures totalamount == num;

@x/

180
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public void setAmount(int num)

{

totalamount = num; 40

/*Q also
public normal_behavior
assignable \nothing;

ensures \result.equals("ItemName : "

+ name + " , amount : " + totalamount);
Qx/
public String toString() 50
{
return "ItemName : " +name + " , amount : " + totalamount;

/%@ public behavior
requires n '= null && 'n.equals("") && a > 0;
assignable name,totalamount;
ensures name.equals(n);
ensures totalamount == a; 60
@x/
public Item(String n, int a)

{

name = new String(n);
totalamount = a;
}
}
A-f Customer.java

package StockManagement;

import java.utilx;

public class Customer {

private /+*Q spec_public non_null Qx/
String name;

private /+*Q spec_public non_null Qx/
String address;

private /+*Q spec_public non_null Qx/
String zipcode;

10

/*@Q public invariant 'name.equals("");
public invariant laddress.equals("");
public invariant zipcode.equals("");

Qx/
/*Q public behavior



requires r 1= null;
assignable \nothing;
ensures \result == true;
@x/
public /%@ pure @Qx/ boolean informShortageStock(Request 1)

return true;

/*Q public behavior
ensures \result.equals(name);
assignable \nothing;
@x/
public /%@ pure Qx/ Sitring getName()

{

return name;

/*@Q public behavior
ensures \result.equals(address);
assignable \nothing;
@x/
public /%@ pure Qx/ String getAddress()

{

return address;

/*Q public behavior
ensures \result.equals(zipcode);
assignable \nothing;
@x/
public /%@ pure Qx/ String getZipCode()

{

return zipcode;

/*Q public normal_behavior
requires ¢ = null;
ensures \result == name.equals(c.getName())
&& address.equals(c.getAddress())
&& zipcode.equals(c.getZipCode());
assignable \nothing;
Qx/

public boolean equals(Customer c¢){
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return name.equals(c.getName()) && address.equals(c.getAddress())
&& zipcode.equals(c.getZipCode());

/*Q public behavior

requires nm '= null && !nm.equals("");
requires ad '= null && lad.equals(""); 20
requires zc '= null && !zc.equals("");

assignable name,address, zipcode;
ensures name.equals(nm)
&& address.equals(ad) && zipcode.equals(zc);
@x/
public Customer(String nm, String ad, String zc)
{
name = new String(nm);
address = new String(ad);

zipcode = new String(zc); 80

/*Q public behavior
assignable name,address, zipcode;
ensures name!= null && address!= null && zipcode!= null;

@x/

public Customer()

{
name = new String("John Doe"); 90
address = new String("Nothing");
zipcode = new String("Nothing");

/*Q public behavior
requires nm = null && !nm.equals("");
assignable name;
ensures name.equals(nm);
@/ 100
public void setName(String nm)

{

name = new String(nm);

/+@Q public behavior
requires ad '= null && lad.equals("");

assignable address;



ensures address.equals(ad); 110
Q@x/
public void setAddress(String ad)

{

address = new String(ad);

/*Q public behavior
requires zc = null && 'zc.equals("");
asstignable zipcode; 120
ensures zipcode.equals(zc);
@x/
public void setZipCode(String zc)

{

zipcode = new String(zc);

}

B AloyODOOOOOOODOODOOOODOO

B-a Storage.als

module AlloyStockManagement/Storage

open util/boolean as boolean

open ElementTypes as Object

open AlloyStockManagement/ Containerltem as Containerltem
open AlloyStockManagement/Item as Item

open AlloyStockManagement / Request as Request

sig Storage{
allitemlist:set Item,

containerlist:set Containerltem 10

fact Storage_Invariant{

all s:Storage,c: Containerltem|

¢ in s.containerlist => #c.itemlist > 0
all s:Storage|

#s.containerlist > 0 => #s.allitemlist>0
all s:Storage|

#s.allitemlist > 0 => #s.containerlist>0
all s:Storage| 20

#s.containerlist = 0 => #s.allitemlist=0
all s:Storage|

#s.allitemlist=0 => #s.containerlist=0
all s:Storage,i,j:Item)|

i in s.allitemlist && j in (s.allitemlist—1i)



=> i.getName[] = j.getName[] && #(s.allitemlist & i) = 1

all s:Storage,i,j: ContainerItem|
i in s.containerlist && j in (s.containerlist—i)
=> i.getContainerID[]'=j.getContainerID[]
all s:Storage|
s.containerlist.itemlist.name in s.allitemlist.name
all s:Storage|
all i,j:Item, c:ContainerItem|c in s.containerlist
&& 7 in c.itemlist && i in s.allitemlist
=> d.getAmount[] = (sum c.getAmount[i.getName[]])

pred Storage.registContainerltem_pre[c: Containerltem]{
¢ = none
all ci:Containerltem|ci in this.containerlist
=> ci.getContainerID[] = c.getContainerID[]

pred Storage.registContainerltem_post|[c: Containerltem]{

¢ in this.containerlist

pred registContainerltem_body[s,s' :Storage,c:ContainerItem]{
s.registContainerItem_pre[c]
&& s'.registContainerltem_post|[c]
=> s.containerlist = s'.containerlist - ¢
}
assert Storage_registContainerItem{
all s:Storage, c:ContainerItem|some s':Storage|

registContainerItem_body|s,s"' ,c]

pred Storage.updateAllItemList_prel[c:ContainerItem]{
c != none

c in this.containerlist

pred Storage.updateAllItemList_post[c:ContainerItem]{
c.itemlist.name in this.allitemlist.name

c in this.containerlist

pred updateAllItemList_body[s,s':Storage,c: ContainerItem]{
s.updateAllltemList_pre[c] && s'.updateAllItemList_post[c]

=> c.itemlist.name in s'.allitemlist.name
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assert Storage_updateAllltemList{
all s:Storage, c:Containerltem|some s':Storagel|
updateAllItemList_bodyl[s,s',c]

pred Storage.checkStockSatisfied[r: Request]{
r.getName[] in this.allitemlist.name
some i:Item|i in this.allitemlist && i.getName[] = r.getNamel] 80
&& i.getAmount[]>=r.getAmount|]

pred Storage.checkStockSatisfied_pre[r: Request]{

r 1= none

pred Storage.checkStockSatisfied_post[r: Request]{
r.getName[] lin this.allitemlist.name
=> lthis.checkStockSatisfied[r] 90
r.getName[] in this.allitemlist.name
&& (all i:this.allitemlist|i in this.allitemlist
&& i.getName[] =r.getNamel]
&& i.getAmount[] >= r.getAmount[])
=>this.checkStockSatisfied|r]
(all i:Item|i in this.allitemlist
&& i.getName[] = r.getName[]
&& i.getAmount[] < r.getAmount[])
=>Ithis.checkStockSatisfied|r]
} 100

assert Storage_checkStockSatisfied{
all s:Storage,r: Request|
s.checkStockSatisfied_pre[r]=>s.checkStockSatisfied_post[r]

/+fun Storage.deliveringOrder[r:Request]:Int {
r.getName|[] in this.containerlist.name
=>
}x/ 110
pred Storage.deliveringOrder_pre[r: Request]{
this.checkStockSatisfied_pre[r] => this.checkStockSatisfied_post[r]
}
pred Storage.deliveringOrder_post|r: Request]{
some i:Item|i in this.allitemlist && i.getAmount[]>=0
}
pred deliveringOrderModel[s,s"' :Storage,r:Request]{
s.deliveringOrder_pre[r]=>s'.deliveringOrder_post|r]

s 1= s



}

s' i s

all i,j:Item|i in s.allitemlist
&& j in s'.allitemlist && i.getName[]=j.getNamel[]
&& j.getName[] =r.getName[]
=> i.getAmount[] = j.getAmount[]+r.getAmount[]

assert Storage_deliveringOrder{

all s:Storage,r:Request|some s':Storage|
deliveringOrderModel[s,s" ,r]
=> s I=s' && s' in s
&& all i,j:Item|i in s.allitemlist
&& j in s'.allitemlist && i.getName[]=j.getName[]
&& j.getName[] =r.getName|]
=> i.getAmount[] = j.getAmount[]+r.getAmount|[]

pred show[]{}

check Storage_registContainerltem
check Storage_updateAllltemList

check Storage_checkStockSatisfied
check Storage_deliveringOrder

run

run

run

run

run

run

deliveringOrderModel

{some s:Storage, r:Request|s.checkStockSatisfied[r]}
registContainerltem_pre

updateAllltemList_body

checkStockSatisfied

show

B-b

ContainerItem.als

module AlloyStockManagement/ContainerItem

open util/boolean as boolean

open ElementTypes as Object

open AlloyStockManagement/Item as Item

sig ContainerItem{

carryingdate: Date,
containerID:Int,

itemlist:some Item

fact Containerltem_Invariant{

all c¢:Containerltem|
c.containerID>=0

all c:Containerltem|
#c.itemlist >0
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all c:Containerltem|
c.carryingdate '= none
all  c:Containerltem)|
all 4,j: Item|
1 in citemlist && j in c.itemlist—i
=> i.getName[]!=j.getName[] &&#(i&c.itemlist) = 1
&& #(c.itemlist — i) = #c.itemlist—1

fun ContainerItem.shippingltem[n:String, a:Int]: Int{

this.itemlist.getName[|=n

=> a — this.getAmount[n] else a

pred Containerltem.shippingltem_pre[n:String, a:Int]{

nl=none
a>0

fun Containerltem.shippingltem_post_pre[n:String,a,b: Int]: Int{

this.itemlist.getName[] = n

=> b else a

pred ContainerItem.shippingltem_post_post[n:String, a,b:Int]{

}

all i:Item|Item in this.itemlist && i.getName = n &&
this.shippingltem_post_pre[n,a,b] = 0—i.getAmount|]
=> i.setAmount[0—this.shippingltem_post_pre[n,a,b]]
all i:Item|Item in this.itemlist && i.getName[] = n &&
this.shippingltem_post_pre[n,a,b] > 0 && i.getAmount[]=0
=> i.setAmount|0]
all i:Item|Item in this.itemlist && i.getName != n
=> this.shippingltem_post_pre[n,a,b]=a
//for wvisualyze
//some i:Item|Item in this.itemlist => i.getName = n && a>0

assert ContainerItem_shippingltem{

all ¢,c':ContainerItem,n:String,a:Int|
c.shippingItem_pre[n,a] =>c.shippingltem[n,a]l = a - c.getAmount [n]
| | c.shippingItem[n,a] = a
//all c:ContainerItem,n:String,a:Int|
&& let b=c.shippingltem[n,al |c'.shippingltem_post_post[n,a,b]
&& c.getAmount[n] = c¢'.getAmount[n] - c'.shippingltem_post_pre[n,a,b]

fun ContainerItem.getContainerID[]:Int{

this.containerlD
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assert ContainerItem_getContainerID{
all c:Containerltem|

c.containerID=c.getContainerID|]

fun ContainerItem.getAmount[n:String]:Int{
this.itemlist.getName=n=>this.itemlist.getAmount[] else 0

pred ContainerItem.getAmount_post[n:String]{
some i:Item|i in this.itemlist=>i.getName[]=n
=>i.getAmount[] = this.getAmount[n]
else this.getAmount[n] = 0

assert ContainerItem_getAmount{

all c:Containerltem, n:String| c.getAmount_post[n]

fun Containerltem.getContainedltem[]:Item{

this.itemlist

pred Containerltem.getContainedItem_post[]{
this.getContainedltem[]| = this.itemlist

assert ContainerItem_getContainedItem{

all c:Containerltem|c.getContainedItem_post|[]

fun ContainerItem.getReceiptionDate[]: Date{

this.carryingdate

pred Containerltem.getReceiptionDate_post[]{
this.getReceiptionDate[ |=this.carryingdate

assert Containerltem_getReceiptionDate{

all c:Containerltem|c.getReceiptionDate_post][ ]

pred Containerltem. Constructor[id:Int,il:Item, date: Date]{

this.containerID=1id
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this.itemlist= il

this.carryingdate=date

pred Containerltem. Constructor_pre[id: Int,il: Item, date: Date]{

id>=0
#il > 0
date '= none
all 4,j: Item|

1 in il && 7 in il—1 120
=> i.getName[]!=j.getName[] &&#(i&il) = 1
&& #(il — i) = #il—1

assert ContainerItem_Constructor{

all c¢:ContainerItem,id: Int,il: Item, date: Date|

c. Constructor|id,il,date] =>c.Constructor_pre[id,il,date]

pred show[]{} 130

check Containerltem_shippingltem

check Containerltem_getContainerlD

check ContainerItem_getAmount

check Containerltem_getContainedItem

check Containerltem_getReceiptionDate

check Containerltem_Constructor

run

run

run

run

run

run

run

shippingltem
shippingltem_pre 140
shippingltem_post_pre
shippingltem_post_post
{ all ¢,c¢':ContainerItem,n:String,a:Int]|
c.shippingItem_pre[n,a] =>c.shippingltem[n,al = a - c.getAmount [n]
| | c.shippingItem[n,a] = a

//all c:ContainerItem,n:String,a:Int|

&& let b=c.shippingltem[n,al |c'.shippingltem_post_post[n,a,b]

&& c.getAmount[n] = c¢'.getAmount[n] - c'.shippingltem_post_pre[n,a,b]

Constructor 150

show

B-c

Request.als

module AlloyStockManagement/Request

open util/boolean as boolean

open ElementTypes as Object

open AlloyStockManagement/Customer as Customer



open AlloyStockManagement | StockState as StockState

sig Request{
receiptiondate : one Date,
deliveringdate : lone Date,
itemname : one String,
amount : one Int,
requeststate : StockState,

customer : one Customer

fact Request_invariant{
all r:Request|
r.receiptiondate!=none
all r:Request]|
r.itemname!=none
all r:Request|
r.amount > 0
all r:Request|
r.requeststate in StockState
all r:Request|

r.customer 1= none

pred Request. Constructor|n:String, a:Int, c: Customer,d: Date, s: StockState]{
this.itemname=n
this.amount=a
this.customer=c
this.receiptiondate=d

this.requeststate=s

assert Request_Constructor{
all r:Request, n:String,a:Int,c:Customer,d:Date,s:StockState|
n=none || a<l || c=none || d=none || s=none
=> Ir.Constructor[n,a,c,d,s]
all r:Request, n:String,a:Int,c:Customer,d:Date,s:StockState|
r.Constructorn,a,c,d,s]=>r.itemname=n &&
r.amount=a &&
r.customer=c &&
r.receiptiondate=d &&

r.requeststate=s

fun Request.getNamel[]:String{

this.itemname
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assert Request_getName{
all r:Request|

r.itemname = r.getName]|]

fun Request.getAmount|]:Int{

this.amount 60

assert Request_getAmount{
all r:Request|

r.amount = r.getAmount|]

fun Request.getRequestState[]: StockState{

this.requeststate

assert Request_getRequestState{
all r:Request]|
r.requeststate = r.getRequestState]]

fun Request.getReceiptionDate[]: Date{

this.receiptiondate

80
assert Request_getReceiptionDate{
all r:Request|

r.receiptiondate=r.getReceiptionDate] |

pred Request.registShortageStock[|{
this.requeststate=SHORTAGE

assert Request_registShortageStock{ 90
// post condition
all r:Request|
r.registShortageStock| ]
=>r.getRequestState = SHORTAGE

pred Request.registAlreadyDelivered[{
this.requeststate=DELIVERED



100
assert Request_registAlreadyDelivered{
// post condition
all r:Request]|
r.registAlreadyDelivered| |
=>r.getRequestState = DELIVERED
}
pred show[]{}
check Request_Constructor 110
check Request_getName
check Request_getAmount
check Request_getRequestState
check Request_getReceiptionDate
check Request_registShortageStock
check Request_registAlreadyDelivered
run show
B-d Item.als
module AlloyStockManagement/Item
open util/boolean as boolean
open ElementTypes as Object
sig Item{
name:one String,
totalamount:one Int
}
fact Item_Invariant{ 10
all 4:Item)|
i.totalamount >= 0
&& i.name = none
}
pred Item.Constructor[n:String, a:Int]{
this.name=n
this.totalamount=a
}
20
pred Item.Constructor_pre[n:String,a:Int]{
n = none
a >0



assert Item_Constructor{
all i:Item,n:String,a:Int|
(4. Constructor_pre[n,a]=>1. Constructor[n,a])

=> i.Constructor[n,a]=>1i.getName[]|=n && i.getAmount=a

fun Item.checkStockSatisfying_body[n:Int]: Bool{

this.totalamount>=n => True else False

pred Item.checkStockSatisfying_pre[n:Int]{
n>0

pred Item.checkStockSatisfying_post[n:Int]{
this.totalamount>=n => this.checkStockSatisfying_body[n]=True
this.totalamount<n => this.checkStockSatisfying_-body[n]=False

assert Item_checkStockSatisfying{
all i:Item,n:Int|

i.checkStockSatisfying_pre[n]|=>1.checkStockSatisfying_post[n]

fun Item.getNamel]:String{

this.name

assert Item_getName{
all i:Item)|

i.name = i.getName[]

fun Item.getAmount|]:Int{
this.totalamount

assert Item_getAmount{
all i:Item)|

i.totalamount = 1i.getAmount|]

pred Item.setAmount[a:Int]{

this.totalamount=a

pred Item.setAmount_pre[a:Int]{
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a >=10

assert Item_setAmount{
all i:Item,a:Int|
a>0=> i.setAmount_pre[a]
all i:Item, a:Int|

i.setAmount[a]=>i.totalamount=qa

pred show[]{}

check Item_Constructor

check Item_checkStockSatisfying
check Item_getName

check Item_getAmount

check Item_setAmount

run getAmount

run setAmount

run Constructor

B-e Customer.als

module AlloyStorageManagement/ Customer

open util/boolean as boolean
open ElementTypes as Object
sig Customer{
name:one String,
address:one String,

zipcode:one String

fact Customer_invariant{

Customer.name = none
Customer.address '= none
Customer.zipcode '= none
name = address

address '= zipcode
zipcode '= mame

pred Customer. Constructor[n,a,z:String]{
this.name=n
this.address=a

this.zipcode=z
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assert Customer_Constructor{
all c¢:Customer,n,a,z:String|
n=none || a = none || z = none
=> lc.Constructor[n,a,z]
all c¢:Customer,n,a,z:String|
Customer. Constructor[n,a,z]

=> c.name=n &&c.address=a &&c.zipcode=z

pred Customer.equals[c: Customer]{
this.name=c.getName &&
this.address=c.getAddress &&
this.zipcode=c.getZip Code

/+fun Customer.equalsBody[c:Customer] : Bool{
this.name=c.getName &&
this.address=c.get Address &&
this.zipcode=c.getZipCode

=> True else False

/

assert Customer_equals{
all c1,c2:Customer|cl!=none && c2 !=none
&& cl.name = c2.name
&& cl.address=c2.address
&& cl.zipcode = c2.zipcode
=> cl.equals[c2]

pred Customer.setName[n:String]{

this.name = n

assert  Customer_setName{
all c:Customer, n:String |
n= none => lc.setName[n]
all c:Customer, n:String |

c.setName[n] => c.name = n

fun Customer.getName[]:String{

this.name

assert Customer_getName{

all c:Customer| c.name !=none
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all c:Customer|c.getName[]=c.name

pred Customer.setAddress|a:String]{

this.address = a

assert  Customer_setAddress{ 80
all c:Customer, a:String |
a= none => lc.setAddress|a]
all c:Customer, a:String |

c.setAddress[a] => c.address = a

fun Customer.getAddress[]:String{

this.address

90
assert Customer_getAddress{
all c:Customer| c.address '=none
all c¢:Customer|c.getAddress[|=c.address
}
pred Customer.setZipCode[z:String]{
this.zipcode= z
}
assert Customer_setZipCode{ 100
all c:Customer, z:String |
z= none => lc.setZipCode[z]
all c:Customer, z:String|
c.setZipCode[z] => c.zipcode=z
}
fun Customer.getZipCode[ ]:String{
this. zipcode
}
110

assert Customer_getZipCode{
all c:Customer| c.zipcode '=none

all c¢:Customer| c.getZipCode = c.zipcode

pred show[]{}

check Customer_getName

check Customer_setName



check
check

check
check

check
check

Customer_getAddress

Customer_setAddress

Customer_getZipCode
Customer_setZipCode

Customer_Constructor

Customer_equals

run show
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