WO 2011/136937

1/9

PCT/US2011/032495

100

Computing system

102
Data storage system
108
Spreadsheet application
¢ 104
Processing system
~110A 110N
Processing Unit o000 Processing Unit
l ~106

Display system

FIG. 1



WO 2011/136937 PCT/US2011/032495
2/9
/ 100
Computing system
102
Data storage system
~108
Spreadsheet application
¢ 104
Processing system
~110A 110N
Processing Unit (X X Processing Unit
¢ 200
Network interface
system
A
204
202

Client Device

FIG. 2



PCT/US2011/032495

300
A/_

WO 2011/136937
3/9
302
Receive sort command
* 304
Number of rows in spreadsheet \ NO
table exceeds lower limit?
ﬁ YES 308
Determine appropriate number of
blocks
* 310
Divide rows into blocks
* 312

Use block sorting threads to sort
rows in blocks

L 4 314
Determine that block sorting

threads are finished
L 4 316

Generate thread tree

L 4 318
Assign sorted blocks to leaf

threads
L 4 320

< Odd number of blocks?

y YES 322
Assign block to incomplete
interior block

NO

l 306

Use a single thread to generate

final result block

324

Use merge threads to generate
final result block

¥ 326

Receive completion indication
from root thread

v 328

Return final result block

FIG. 3




WO 2011/136937 PCT/US2011/032495

4/9

400
/_

S
Cco

Block Block Block Block Block Block Block

N414 \416 \418 N\420 N422 N424 426

FIG. 4



WO 2011/136937

500\

PCT/US2011/032495

5/9

Insert first block then second
block into result block

Insert second block then first
block into result block

Insert remaining rows in

second block into result block

£<

502
Wake
506 ﬁYES 504
YES Max of first block less than
min of second block?
~510 ﬁNO 508
YES Max of second block less
than min of first block?
518 ﬁNO 512
%ow remaining in first block?
ﬁYES 514
NO Row remaining in
second block?
ﬁYES 516
Identify minimum row
ﬁ 520
Insert minimum row into result
block
522
Insert remaining rows in first
block into result block
524
Root thread? ><—
ﬁYES 526

Indicate completion to
spreadsheet application

528
Indicate completion to parent
thread
L 4 530
Sleep —

FIG. 5



WO 2011/136937 PCT/US2011/032495

6/9
600\
602
Wake
616
Wait
ANO 614 l Y l 604
< Child thread done? }%emaining row in first block><
YyYES 618 YyYES 606
Insert any remaining rows in NO Row in second block?
second block
YyYES 610
|dentify minimum row
L 4 612
Insert minimum row into result
block
608
Insert any remaining rows in
first block
Y 620
NO /
Root thread?
AN
YyYES 622
Indicate completion to
spreadsheet application
624
Indicate completion to parent
' thread
L 4 626
Sleep <

FIG. 6



WO 2011/136937 PCT/US2011/032495

7/9
700\
702
Wake
720
Wait
ANO 718 l 704
< First child thread done? ><¢<Qemaining row in first block><
YES YES
v 722 706
NO _Remalnlng row b= Row in second block?
in second block?
yYES 724 yNO 708
Insert remaining rows in YES . ’
second block into result block <Second child thread done >
L 4 726 yNO 710
»<Second child thread done?>Y—ES Wait —
yNO 728 712
. Insert remaining rows in first
Wait > block into result block
714
—> |dentify minimum row
730 L 2 716
NO Root thread? Insert minimum row into
result block
yYES 732
Indicate completion to
spreadsheet application
1734 736
Indicate completion to parent Sleep
' thread

FIG. 7



WO 2011/136937 PCT/US2011/032495
8/9
800
e
802
Wake
L 4 804
NO Odd number of blocks in first
buffer?
y YES 806
Copy block assigned to
incomplete internal thread to
second buffer
i l ~808 810
. NO .
Final result block complete? Wait
y YES 812
Final result block in second NO
buffer?
y YES 814
Copy final result block to first
buffer
L 4 816
Sleep <

FIG. 8




WO 2011/136937

9/9

PCT/US2011/032495

Computing Device

200
Memory
202
Operating Application
83348 System Software Progr(;;no Data
o 926 928 =

I 922

<

>

Processing Sgi::));daery Network Video
System Devi(?e Interface Card Interface
904 906 208 910

y I
External .
Display
Component .
Device
Interface 912
914 -
External
Storage Input Device Printer
Device 918 920
916

FIG. 9






