


[6, 11]. This might involve current parallel activity or it might 
involve some unknown past or some unpredictable future activity. 

Configuration management systems have been identified as 
playing a key role as formal tools to support this coordination and 
awareness. We will overview the specific experiences that have 
been reported with these systems and also overview more recent 
visualisation work making use of the data they contain. First 
however, it is worth reviewing the importance of communication 
as part of software coordination since communication figures in 
various ways in the following discussions. 

2.1 Communication and Awareness 
Communication is talked about in different ways in discussions of 
software development coordination: as mediated communication 
and informal communication. Both are critically important for 
supporting software coordination and complement one another.  

Mediated communication happens through information being 
conveyed or accessible to an individual, often via formal project 
mechanisms such as CVS logs, project documentation, wall 
charts, and so on. This has connotations of passive one-way 
communication regardless of whether that information is 
communicated automatically or explicitly sought out by the 
person. Such mediated communication can result in increased 
awareness of what is going on, which in turn can help a person 
coordinate their activities with others. 

Informal communication on the other hand is a socially-embedded 
process involving two or more people engaging in ad hoc 
discussions and interactions. Numerous studies highlight that 
software engineers spend a significant proportion of their time 
communicating. Perry et al. [17], for example, found that 
developers spent 50% of their time in interactive activities other 
than coding, and that 75 minutes per day was spent in informal 
communication; De Marco and Lister [5] similarly report that 
70% of developer time is spent in communication. Other 
empirical studies of software teams confirm the prevalence and 
importance of informal communication and spontaneous ad hoc 
encounters, e.g., over the water cooler or by dropping into an 
office [4, 10, 16]. It is in these discussions that ideas are 
discussed, problems solved, conflicts negotiated, missing 
information filled in, and so on. In a study of 65 projects/563 
individuals, Kraut and Streeter [16] showed that informal 
discussions with peers was the most highly valued coordination 
technique and that ‘other people were the most used and valued 
sources of help’. 

It is no wonder then that co-location or at least physical proximity 
are important factors in the frequency and quality of informal 
communication [15, 16] and that coordination problems can be 
exacerbated in distributed development teams because of the 
increased difficulty of informal communications including 
barriers such as lack of unplanned contact, knowing who to 
contact about what, cost of initiating contact, ability to 
communicate effectively, and lack of trust [12, 13].  

However, Kraut and Streeter also point to issues with informal 
communications. Apart from the need to be local to be most 
effective, there are the transaction costs of engj 37 0 0 37 602 07 27 0 Tm (o) Tj 37 0 0 Tj 37 0 0 3 Tj 37 0 0 37 146 0 Tm (6(n) Tj 37 0 0 37 747 0 T96(s) Tj 37 0 0 37 824 0
Tm (o) Tj 37 0 0 37
753 0 Tm (o) Tj 37 0 0 37 913 0 T51(n) Tj 37 0 0 37 887
0 Tm (s) Tj 37 0 0 37 824 0
T80(i) Tj 37 0 0 37 868 0 Tm (p) Tj 37 0 0 37 226 0 Tm7 ) Tj 37 0 0 37 111 0 Tm
 (i) Tj 37 0 0 37 306 0 Tm (i) Tj 370 0 37 114 0 Tm
 (m) Tj 37 0 0 37 525 0 968(n) Tj 37 0 0 37 1000 0 T ( ) Tj 37
0 0 37 697 0 002 40.080059 576 733.91998 re W n /Cs1 cs 0 0 0 sc q 0.23999999
0 0 0.23999999 54 145.92006 cm BT 37 0 0 37 0 0 Tm 254.0
1 Tf (f) Tj 37 0 0 37 13 0 Tm (f) Tj 3p 0 0 37 35 0 Tm  (c)
Tj 37 0 0 37 322 0 T (n) Tj
37 0 0 37 454 0 T (a) Tj 37 0 0 37 
 0 Tm (n) Tj 3w 0 0 37 95 0 Tm (v) Tj 37 0 0 37 114 0 Tm
(e) Tj s7 0 0 37 129 0 Tm (e) Tj 37 0 0 37 137 0 Tm (m) Tj 37 0 0 37 195 0 Tm (n) Tj 37 0 0 37 158 0 Tm (c) Tj 37 0 0 37 904 0 Tm (s) Tj 37 0 0 37 210 0 Tm (e) Tj 37 0 0 37 411 0 02 40.0800r7 0 0 37 240 0
Tm (f) Tj 37 0 0 37 257 0 Tm(e) Tj 37 0 0 37 86 0 Tm260(a) Tj 37 0 0 37 293 0 Tm (n) Tj 37 0 0 37
230 0 T8 ( ) Tj 37 0 0 37 467 0 Tm (,) Tj 37 0 0 37 328 0 Tm ( ) Tj
37 0 0
37 370 0 Tm (e) Tj ET Q Q q 18.000002(s) Tj 37 0 0 37
106 0 T3m (f) Tj 37 0 0 37 912
0 4m (i) Tj 37 0 0 37 630 0 4m (n) Tj 37 0 0 37 557 0 4m ( ) Tj 37 0 0 37 381 0
46 (a) Tj 37 0 0 37 407 0
4m (l) Tj 37 0 0 37
207 0 Tm ( ) Tj 37 0 0 37 593 0 T ( ) Tj 37 0 0 37 63 0 Tm545(o) Tj 37 0 0 37 581 0 Tm (i) Tj 37 0 0 37 613 0 5Tm ( ) Tj ET Q Q q
18.000Tm ( ) Tj 7 0
0 37 93 0 Tm  ( ) Tj 37 0 0 37 93 0 Tm ( (e) Tj 37 0 0
37 294 0 6m (t) Tj
37 0 0 37 185 0 67 (u) Tj 37 0 0 37 965 0 Tm (o) Tj 37
0 0 37 729 0 Tm7(g) Tj
37 0 0 37 751 0 Tm(l) Tj 37 0 0 37 43 0 TmTm (i) Tj 37 0 0 37 774 0 Tm (a) Tj u7 0 0
37 798 0 Tm (d
 Tj 37 0 0 37 820 0
Tm4(d) Tj 37
0 0 37 836 0 Tm (a) Tj 37 0 0 37 859
0 Tm (r) Tj 37 0 0 37 943 0 8m (r) Tj 7 0 0 37 104 0 Tm  (u) Tj 37 0 0 37 768 0 9m (e) Tj 37 0 0 37 342 0 Tm (t) Tj e7 0 0 37 952 0 Tm (i) Tj r7 0 0 37 971 0 Tm (i) Tj 37 0 0 37 1000 0 m (l) Tj 37 0 0 37 1000 0 Tm ( ) Tj ET Q
Q q 18.000002 40.080059 576 733.91998 re W n
/Cs1 cs 0 0 0 sc q 0.23999999 0 0 0.23999999 54 170.88005 cm BT 37 0 0 37
0 0 Tm 144.0 16Tf (c) Tj 37 0 0 37 16 0 Tm (o) Tj 37 0 0 37
29 0 Tm (s) Tj 37 0 0 37 43 0 Tm (c) Tj 37 0 0
37 59 0 Tm (u) Tj 37 0 0 37
79 0 Tm (s) Tj 37 0 0 37 93 0 Tm (s) Tj 37 0 0
37 108 0 Tm (i) Tj 37 0 0 37
118 0 Tm (o) Tj 37 0 0 37 137 0 Tm (n) Tj 37
0 0 37 156 0 Tm (s) Tj 37 0 0
37 170 0 Tm ( ) Tj 37 0 0 37 18  0 Tm (w) T
 37 0 0 37 212 0 Tm (i) Tj c7 0 0 37 211 0 Tm (n) Tj o7 0 0 37 237 0
Tm (a) Tj 37 0 0 37 214 0 Tm (r) Tj p7 0 0 37 278
0 Tm ( ) Tj 37 0 0
37 299 0 Tm4(e) Tj 37 0 0 37 232 0 Tm (n) Tj 37 0 0 37 732 0 31 (i) Tj 37 0 0 37 962 0
Tm
(t) Tj 37 0 0 37 371 0 T ( ) Tj 37 0 0 37 74 0
Tm356( ) Tj ET Q Q q 18.0000Tm (a) Tj 37 0 0 37 407 0 Tm ( ) Tj 7 0
0 37 93 0 Tm4m (n) Tj  ET Q Q q 18.000Tm ( ) Tj 37 0 0 37 467 0 Tm
(a) Tj e7 0 0 37 486 0
Tm (n) Tj 37 0 0 37 464 0 T8 (n) Tj
37 0 0 37 426 0 T98(m) Tj 37 0 0 37 549 0 Tm0e) Tj 37 0 0 37 86 0 Tm5m (m) Tj 37 0 0 37
568 0 Tm (v) Tj 37 0 0 37
326 0 Tm (t) T
 37 0 0 37 342 0 5 (s) Tj 37 0 0 37
106 0 T5m (a) Tj 37 0 0 37 117 0 Tm (i) Tj 37 0 0 37 691 0 T16( ) Tj 37 0 0
37 648 0 Tm (f) Tj 37 0 0 37 931 0 649(s) Tj 37 0 0 37 672 0 T6 (d) Tj 37 0 0 37 620 0 T8 (a) Tj 37 0 0 37 174 0
Tm (n) Tj 37 0 0 37 732 0 Tm4(u) Tj
37 0 0 37 741 0 Tm (1) Tj 37 0 0 37 343 0 7 ( ) Tj 37 0 0 37 67 0 TmTm ( )
Tj u7 0 0 37 795 0 Tm (  Tj 37 0 0 37 62 0 Tm79 (a) Tj 37 0 0 37 318 0 81 (1) Tj 37
0 0 37 729 0 8m (s) Tj 37 0 
 37 859
0 Tm ( ) Tj 37 0 0 37 858 0 Tm (t) Tj
37 0 0 37 385 0 87 (q) Tj 37 0 0 37 366 0 8T ( ) Tj 7 0 0 37 112 0 Tm17(l)
Tj 37 0 0 37 945 0 Tm3(c) Tj 37 0 0 37 617 0 94 (u) Tj 37 0 0 37
933 0 Tm (i) Tj 37 0 0 37 881 0 968(n
 Tj 37 0 0 37 1000 0 T ( ) Tj rET Q Q q 18.000002
40.080059 576 733.91998 re W n /Cs1 cs 0 0 0 sc q 0.23999999 0 0 0.23999999
54 309.12006 cm BT 37 0 0 37 0 0 Tm1044.0 1 Tf (f) Tj 37 0 0 37 13 0 Tm (f) Tj 37 0 0 37 29 0 Tm (c) Tj 37
0 0 37 45 0 Tm ( ) Tj 337 0 0 37 503
0 Tm( ) Tj 37 0 0
37 648 0 T2( ) Tj 37
576 733.91998 re W n /Cs1 cs 0 0 0 sc
q 0.23999999 0 0 0.23999999 145145.92006 cm BT 37 0 0 37 0 071.04 0 Tm1044.0 1 Tf (f) Tj 37 0 0 37 13 0 Tm (f) Tj 359 576 733.91998 re W n /Cs1 cs 0 0 0 sc q 0.23999999
0 0 0.23999999 54 267.84006 cm BT 37 0 0 37 0 031F4.0 1107114.0 1 Tf ( ) Tj ET
Q Q q 18.000002 40.0800W7 0 0 37 398 0 T ( ) Tj
37 0 0 37 515 0 T1i)
Tj 37 0 0 37 73 0 Tm (m) Tj 337 0 0 37 141 0 m (n) Tj 37 0 0 37 120 0 Tm ( ) Tj
w7 0 0 37 137 0 Tm (t) Tj 37 0 0 37 248 0 Tm (t) Tj t7 0 0
37 169 0 Tm (c) Tj 37 0 0 37 18  0 Tm (h) T 37 0 0 37 116 0 T1m (f) Tj 37 0 0 37 912
0 2m (s) Tj 37 0 0 37 431 0 2m (l) Tj 37 0 0 37 255 0 Tm2(n) Tj 37
0 0 37 266 0 Tm1(w) Tj
37 0 0 37 282 0 Tm4(o) Tj 37 0 0 37 592 0 27(c) Tj 37
0 0 37 46 0 Tm 8
(o) Tj 37 0 0 37 407 0
Tm (1) Tj f7 0 0 37 329 0 Tm ( )
Tj 37 0 0 37
326 0 Tm (f) Tj gT Q Q q 18.0000T4(s) Tj 37 0 0 37 93 0 Tm36 (d) Tj 37 0 0 37 620 0 38 (n) Tj
37 0 0 37 357 0 Tm ( ) Tj 37 0 0 37 140 0 Tm (i) Tj i7 0 0 37 447 0 Tm (i) Tj o 0 0
37 59 0 Tm ( (d) Tj 37 0 0 37 444 0 Tm (a) Tj 37 0 0 37 490
0 T6 ( ) Tj 7  0 0 37 516 0 Tm ( ) Tj 7 0 0 37
106 0 T5m (g) Tj
37 0 0 37 751 0 Tm ( ) T 37 0 0 37 68 0 Tm Tm( ) Tj g7 0 0 37 581 0 Tm7c) Tj 37 0 0 37 74 0 Tm
(4(a) Tj 37 0 0 37 214 0 Tm (n) Tj e 0
0 37 93 0 Tm  ( ) Tj 337 0 0 37 661 0 Tm ( ) Tj ET Q Q q 18.00006m (t) Tj
37 0 0 37 696 0 Tm (e) Tj 37 0 0 37 122 0 Tm (o) Tj y7 0 0 37 721 0 Tm4(u) Tj
37 0 0 37 741 0 T19(o) Tj 37 0 0 37 666 0 7 ( ) Tj 37 0 0 37 63 0 Tm74(m) Tj 37 0
0 37 93 0 Tm77
(e) Tj s7 0 0 3 62 0 Tm78 (n) Tj 37 0 0 37 557 0 8m (t) Tj 37 0 0 733.91998 re W n /Cs1 cs 0 0 0 sc q 0.23999999 0 0 0.23999999 54 191.28006
cm BT 37 0 0 37 0 0 144 cs 2
7114.0 1 Tf ( ) Tj ET
Q Q q 18.000002 40.08007 0 0 37 33 0 Tm
(u) Tj 337 0 0 37 286 0 Tm(p) Tj 37
0 0 37 474 0 Tm ) Tj 337 0 0 37 661 0 Tm ) Tj 37 0 0 37 93 0 Tmm (a) Tj 37
0 0 37 406 0 9 (n) Tj 37 0 0 37 120 0 T1 (r) Tj 7 0 0
 37 137 0 Tm (,) Tj 37 0 0 37 150 0 Tm (u) Tj t7 0 0 37 166 0
Tm (m) Tj 0 0 37 867 0 Tm ) Tj 37 047 329 0 Tm ( )
Tj 37 0 0 n99 647 0 Tm (o) Tj 367 0 TmTm ( )
Tj u7 0 0 37 795 0 Tm (  Tj 37 0 0 37 62 0 Tj 37 0 0 37 194 0 Tm (f) Tj 37 0 0 37 206 0 Tm (i) 0 147Tm (e) Tj) Tj 37 0 0 37 4393(c) Tj 37 0 0 37 617 0 94337 661 0 Tm (y) Tj 37 0 (a) Tj 375 Tj 37 0 0 37 43 0999999 54 180.9601887
0 Tm (s) Tj 37 0 0 371 (r) Tj 37 0 0 37 351 0 Tj 37 0 0 37 86 0 Tm260(a)  (o) Tj 367 0 TmTm ( )
Tj5999 288.48004 cm BT 37 0 0 37 914 0 T6 37 751 0 Tm(l) Tj 37 0 0 0 0 37 40 37 266 0 Tm1(w) Tj
37 0  0 0 37 370 0 Tm
( Tm (o) Tj 37 0 0 ni6
0 (t) Tj 37 0 0 37 801 0
Tm (,) Tj 37 0 0 37 810 0 Tm ( ) Tj 37 0347 0 Tm (u) Tj
37 0 0 37 366 0 Tm  (a) Tj 37
0 0 37 848 0 T37 0 0 37 654 0 Tm (1) T (a) Tj 37 0 0 37 28Tj 37 0 0 Tj 359 576 733.91998 re W n /Cs1 cs 0 0 0 sc q 0.239
7 Tj
37 0 0 37 309 0 Tm 576 733.91 cs 0 0 0 sc q 0.2399.0
37 294 0 6m (t) Tj
37 0 0 37 185 0 67 (u) Tj 37 62 0 Tm79 (a) Tj 37 0 0 37 318 0 81 (1) Tj 37
0 0 37 729 0 8m (s) Tj 37 0 
 37 859
0 Tm ( ) Tj 37 0 0 37 858 0 Tm ( Tm (a) Tj0 Tm (r) Tj 37 0 7 0 0 37 269 0 Tm (c) Tj 3 0 0 0.239Tj 37
0 0 37 729 0 8m (s) 0 0 37 19 0 Tm (i99 0 0 0.23999999 54 1701 Tf ( ) Tj ET
Q Q q 18.5 37 0 0 37
876 0 Tm (d) 53.23999999d87 0 0 37 737 718 0 Tm (i)
Tj 37 0 0 37 728 0 Tm (n) Tj 37 00(u) Tj 379 0 0 0.23 Tm (n) Tj 37 0 0 37 4202
0 Tm (a) Tj 37 0 0 38919 0 Tm (y) 752 0 Tm (y) Tj 37156.24005 cm BT 328j 37 0 0 37 919 0 Tm (s) T 40.0800r737 137 0 Tm (,) Tj 37 0 0 37 150  (n) Tj 37r1.0 0
37 938 0 Tm ( ) Tj  n2m77
(e) Tj s7 0 0 3 62 0 T85 0 67 (u) Tj 37 62 0 Tm77 0 0 37 7237 515 0 T396 0 Tm (i) Tj 37 0 0 37 006m (t) Tj
37 0 m Tm( ) Tj g7 0 0 37 581 0 Tm (a) Tj 37 0 0 37 617 08 0.23999999 0 0 0.239999904Tm ( ) Tj ET Q
Q q 18.000002 40.080059 576 733.919(r) Tj 7 w/Cs1 cs 0 0 0 sc q 0.2399a999
0 0 0.23999998 re W n /Cs1 cs 0 0 0 sc 0 37 0 0 Tm /F4.0 1 Tf (i) Tj 37 0 0 37
10 0 
18.000002 40.0800W7 0 0 37 398 0 T ( ) Tj
37 0 0 37 515 0 T1i)
Tj 37 0 0 37 73 0 Tm (m) Tj 337 0 0 3691 0 4074 180.9601887
0 Tm (s) Tj 37 0 0 371 (r) 
7 141 0 Tm (c) Tj 37 0 0 37 158 0 Tm (a)
Tj j 37 0 0 37 622 0 m
(t) Tj 37 0 0 37 553 6Tm (o) Tj 37 0 0 37 981 0m (c) Tj 37 0 0 37 904 0 Tm (s) Tj 37 0 0 37 211 0 Tm (c) Tj 37 0 0 37 826
0 Tm (e) Tt 37 0 0 37 227 0 Tm (f) Tj 37 0 0 37 824 15Tm (n) Tj 37 0 0 37 732 0 Tm (p) Tn 37 0 0 37 268 0 Tm (t)
Tj 37 0 0 37 361
0 Tm (n) T0 37 16 0 Tm (f) Tj 37 0 0 37 29 0 Tm
(f) Tj 37 0 0 37 41 0 Tm (e) Tj 37 0 0 37 58 0 Tm (c) Tj 37 0 03670 37691 0 4074 180.
 0 Tm /F4.0 1 Tf (I) Tj 37 0
0 37 12 0 Tm (f) Tj 37 0 0 37 29 0 Tm
(f) Tj 37 0 0 37 41 0 Tm (e) Tj 37 0 0 37 58 0 Tm (c) Tj 37 0 03337 0 0 3673 0 TmTm )
0.95e) Tj 5eI3 Tj 37 0
2j 37 05eyI3 Tj 37 0
C 37 05e5e5ecmm c

m

f

c  I3 Tj 37 0
 0 147Tm (e) Tjy

sc

  

   1m545(o) Tj 37 0 0 37 581 1 Tm (n) Tj 37 0 0 37 887
1 Tm (f) Tj 37 0 0 37 679 1 Tm (i) Tj 37
0 0 37 
88 0 Tm (p) T  37 0 0 37 307 0 Tm (h) Tj 37 0 0 37 962 0
Tm
(t) Ta 37 0 0 37 350 0  Tm ( Tm (a) Tj0 Tm (r) 2 Tj 37 0 0 37 810 0 Tm ( 0 Tm (s) Tj 37 0 0 37
753 3 Tm (h) Tj 37 0 0 37
326 3 Tm ( ) Tj 37 0 0 37 964 0 Tm ( ) Tj 37 0 0 37 455 082m (l) Tj 37 0 0 37
207 0 Tm (o) Tj 37 0 0 37 592 01Tm (t) Tj 37 0 0 37 296 4 37 729 0(0 0 37 146 0 Tm (3m ( ) TCj 37 0 
 37 859
0
37 0  0M(a) Tj0 Tm (r) Tj2m (l) T) 0 37 269 0 Tm (c m (l) Tj 37 0 0 37 10000 Tm ( ) Tj 37 0 0 37
610 02937 0 0 Tm /F4.0 1 Tf (a) 37 0 071.04 0 Tm10443 0 T6Tm (r) Tj 37 0 0 37 943 5Tm (K) Tj 37 0 0 37 190 050 37 0 0 j 37 0 0 37 751 0 4m (n) Tj 37 0 0 37 557 63( ) Tj 37 0 0 37 166 0
Tm44 0 37 309 0 Tm 576 733.66Tm (n) Tj 37 0 0
37 299 6Tm (K) Tj 37 0 0 37 190 068Tm ( ) Tj 37 0 0 37 731 09) Tj s7 0 0 37 129 0 Tm 71Tm (l) Tj 37 0 0 37 819 0 Tm7 ) Tj 37 0 0 37 111 074Tm (o) Tj 37 0 0 37
568 75 0.23999999 0 0 0.2399999 Tm (e) Tj5999 288.48004 c0m (o) Tj 37 0 0 37 214 082(f) Tj 37 0 0 37 152 0 T83402 40.080059 576 733.9184Tj 37 0 0 37 810 0 Tm ( 0 Tm (i) Tj 370 0 37 114 
882m (l) Tj 37 0 0 37 255 890m (e) Tj 37 0 0 37 1000 0 Tm ( ) j
37 0 0 37 515 00002 40.080059 576 733.91996 re W n /Cs1 cs 0 0 0 sc 8m (o)
Tj 37 0 0 37 728 958 0.23999999 0 0 0.23999999
54 145.92006 cm BT 37 0 0 37 0 0 Tm 2
4.0 1 Tf (e) Tj 37 0 0 37 16 0 Tm (x) Tj 37 0 0 37 35 0 Tm
(a) Tj 37 W n /Cs1 cs 0 0 0 sc q 0.23999999 0 0 0.23999999 54 10 0 37 43 652.3 T074 180.960 0 0 37 85 0 Tm (i) Tj 37 0h0
37 108 0 Tm (i) Tj 37 7 0 0 37 158 0 Tm8( ) Tj 37 0 0 37 162 0 6Tm (d
 Tj 37 0 0 37 820 0Tm (b) Tj 37 0 0 37 983
002
40.080059 576 733.9191 38 (n) Tj
37 0 0 37 357 0 Tm
( ) Tj 37 0 0 37 223 0 Tm 
f) Tj 37 0 0 37 912
0 Tm (.) Tj 37 0 0 37 257 0 Tm
( ) Tj
37 0 0 37 282 0 7
 (e) Tj 37 0 0
37 294 0 T7(c) Tj 37
0 0 37 46 0 TmTm ( ) Tj 7 0
0 37 93 0 0 Tm (r) Te 37 0 0 37 962 0
Tm
(t) Tv 37 0 0 37 371 0 T ( ) Tjj
37 0 0 37 385 0 Tm (i) Tj 37 0 0 37 591 0 Tm (r) To 37 0 0 37 407 0 Tm ( ) Tp 37 0 0 37 490
032m ( ) Tj 37 0 0 37 964 0 Tm (a) Tj 37 0 0 37 694 0 Tm
(a) Tn 37 0 0 37 484 0 T6 ( ) Tj 7  0 0 37 516 0 Tm ( ) T  7 0 0 37
106 0 T5m (g) Tj 37 0 0 37 569 02 (d) Tj 37 0 0 37 194 0 44Tj 37 0 0 37 810 0 Tm ( 0 Tm (i)) Tj 37 0 
 37 859
90m (n) Tj 37 0 0 37
610 0 Tm (d
 Tj 37 0 0 37 820 0 Tm 
 3 0 0 0.239Tj 37
0 03Tm (n) Tj 37 0 0 37 732 55T4(s) Tj 37 0 0 37 93 0 569
 (1) Tj 37 0 0 37 673 0 1m (e) Tj 37 0 0 37 712 0
(u) Tj 37 0 0
37 169 0 T6e) Tj 37 0 0 37 122 0 Tm 0 Tm4(u) Tj 37 0 0 37 774 00Tm ( ) Tj 37 0 0 37 
n) Tj 37 0 0 e 37 0 0
37 299 6Tm (K) Tjj 37 0 0 37 771 0 4m
(t) Ta 37 0 0 37 350 7 4m (i) Tj 37 0 0 37 630 0 8m (t) Td 37 0 0 37 819 0 8 Tj 37 0 0 37 120 0 T1 7 37 0 071999 0 0 0.23999999
(4(a) Tj 37 0 0 37 214 793m (o) Tj 37 0 0 37 520 80002 40.080059 576 733.918145145.92006 cm BT 37 0 084Tm (a) Tj 37 0 0 37 218 86Tm (m) Tj 37 0 0 37
973 0 m (t) Tj 37 0 0 37 185 0 04m ( ) Tu0059 576 733.919(e) Tj 37 0 0 37 146 0 Tm998 re W nt/Cs1 cs 0 0 0 sc q
(c) Tj 37 0 0 37 904 0 TTm (r) Tj 37 0 0 37
405 999 54 170j 37
0 0 37 10000 0 37 0 0 Tm /F4.0 1 Tf (i) Tj 37 0 0 37
10 0 Tm (x) Tj 37 0 0 37 35 0 Tm

 0 Tm
(u) Tj 337 0 0 37 286 0 Tm(p) Tj 37
0 0 37 474 0 Tm ) Tj0 0 37 43 642Tj 37 (e) Tj 37 0 0 37 87 0 Tm (r) Tj 37 00 0 37 406 0 9 (n) Tj 37 o 7 0
0 37 93 0 Tmm ( ) Tj 37 0 0
37 577 0 m (r) Tj 37 0 0 37 943 55) Tj 7 w/Cs1 cs 0 0 0 
89 54 170.88005 cm BT 37 06 733.91998 re W n /Cs1 
Tj 37 0 0e 37 0 0 37 581 1 Tm ( ) Tj 37 0 0 37 759 15(n) Tj 37
0 0 37 156 0 T1 Tm (t) Tj 37 00 0 Tm
.000002 40.0800W7 0 0 37 398 0 T ( ) Tj
37 0 0 37 515 0 T1i)
Tj 37 0 0 3m (j ) Tj 37 0 0364 083642Tj 37   180.9601887
0 Tm (s) Tj 37 0 0 371j 37 0 0 37 751 2Tm
(t) Tj 37 0 0 37 371  Tm (j 37 0 0 37 602 07 27Tm ( )
Tj 37 0 0 37 350  Tm (e) Tj 37 0 0
37 294 99 90.7200n1 232.80005 cm BT
37 0 0 t 37 0 0 37 211 0 Tm (e) Ts ET Q Q q 18.000002 40.080059 576 733.919970m (f) Tj 37 0 0 37 253 086m4(o) Tj 37 0 0 37 592 0 Tm ( ) Tj 37 0 0 37 525 22Tm7 ) Tj 37 0 0 37 111 02 37 0 071999 0 0 0.23999927Tm ( ) Tj 37 0 0 37 858 0 Tm (t) Tj 37 0 0 37 628 0 Tm (l) Tj 37 0 0 37 467 017m ( ) Tj 37 0 0 37 434 0 7
 (e) Tp  ET Q Q q 18.000Tm ( ) Tl 37 0 0 37 448 0 Tm (a) Te 37 0 0 37 581 3Tm (K) Tjj 37 0 0 37 771 0 T6 ( ) Tp 7 0 0 37
106 0 T5m (g) Tj
37 0 0 37 385  (3m ( ) T0 0
 37 137 0 Tm (m (d) Tj 37 0 0 37 190 0471m (i)
Tj 37 0 0 37 503 0 5Tm ( ) Tj ET Q Q q
18.000Tm ( ) Tj 7 0
0 37 97
0 0 37 729 0j 37 0 0 37 386 5 Tm (j 37 0 0 37 602 07 25m ( (d) Tj 37 0 0 37 444 58Tm (g) Tj 37 0 0 37 117 00 Tm ( ) Tj ET Q Q q 18.06 cm BT 328j 37 0 0 37 9190 Tm (l)
2006 cm BT 37 0 067 294 0 6m (t) Tj
37 0 0 67Tm (n) Tj 37 0 0 37 732 690m ( ) Tj 37 0 0 37 590 70Tm (m) Tj 37 0 0 37 820 098 re W nt/Cs1 cs 0 0 0 s7 q
(c) Tjh 37 0 0 37 868 0 Tm (n) Tj 37 0 0 37 904 0 Tm (t) Tj 37 0 0 37 377
7 Tm (l) Tj 37 0 0 37 494 812j 37 0 0 37
10 0 Tm (x) Tj 37 0 0 37 35 0 Tm

 0 Tm
(u) Tj 337 0 0 37 286 0 Tm(p) Tj 37
0 0 37 474 0 Tm ) Tj0 0 37 43 631 0 TmT
(n) Tj 37 0 0 37 131 0 Tm (i) Tj 37 0 0 37 141 0 Tm
(c) Tj 37  37
114 0 Tm ( ) Tj 37   (o) Tj 367 0 TmTm ( )
Tj5999 288.48004 cmc) Tj 37  37
114 0 Tm (99 90.7200n1 232.80005 cm BT
37 0 0 e 37 0 0 37 237 0 Tm (t) Tj 37
0 0 37 
88 0 Tm (r) Tt059 576 733.91998
re(e) Ts ET Q Q q 18.000810 3 Tj 37 0 0 37 146 0 0 Tm (n) T[ 37 0 0
37 299 0 Tm (]) Tj 37 0 0 37 760 2T
37 0 0 0 0 37 120 0 T1 ( 2m (l) T] 37 0 0 37 328 0 Tm (b) T. ET
Q Q q 18.000002 40.08007 0 0 37 33 0 Tm
(u) Tj 337 0 0 37 286 0 Tm(p) Tj 37
0 0 37 474 0 Tm ) Tj380. Tm )
631 0 TmT 0 37 0 031F4.0 1107114.0 1 Tf ( ) Tj ET
Q Q q 18.000002 40.08007 0 0 37 33 0 Tm
(u) Tj 337 0 0 37 286 0 Tm(p) Tj 37
0 0 37 474 0 Tm ) Tj3 0 37 43T6e79999 54 180.9601887
0 Tm (s) Tj 37 0 0 371C 37 0 0 37
326 0 m (g) Tj
37 0 0 37 751 0Tm ( ) Tj 37 0 0
37 324 63m ( ) Tc7 0 0
37 170 0 Tm ( ) Tjj 37 0 0 37 835  5 (s) Tj 37 0 0 37
106 00 0 37 40 r 37 0 0 37 227 0 Tm ( ) Tj 37 0 0 37 455 139m (a) Tj 37 0 0 37 214 0 260(a) Tj 37 0 0 37 293 068m7 ) Tj 37 0 0 37 111 02c m (l) TV 37 0 0 37 322 0 Tm (i) Tj 37 0 0 37 306 048  (u) Tj 37 0 0 37 768 0 0 37 28Ts 37 0 0 37 379 0 Tm ( ) T 37 0 0 37
106 0 T m (c) Tj 37 0 0 37 593 3 Tm (f) Tj 37 0 0 37 318 3 Tm ( ) Tj 37 0 0 37 370( )9m (e)
Tj 37 0 0 37 464 0 Tm (a) Tj 37 0 0 37 443 0 Tm ( ) Tj 37
0 0 37 
16 0 Tm (s) Tj 37 0 0 37 508 0
0 37 0 0 Tm /F4.0 1 Tf (43 37 0 0 j 37 0 0 37 751 4q 0.23999999 0 0 0.2399999 Tm (f) T(0 0 37 146 0 Tm0 Tm (u) TC 37 0 0 37 386 5 2m (l) TV 37 0 0 37 322 0 Tm (t) TS 37 0 0 37 696 0 Tm (e) T) 37 0 0 37 731 002(t) Tj t7 0 0
37 169 0 Tm8m (3) Tj 37 0 0 37 748 0 Tm ( ) Tj 37 0 0 37 760 0 Tm (t) T]37 0 0 37 67 0 TmTm ( )
Tj 37 0 0 37 820 0
Tm  0 7 0 0 37 269 0 Tm  0 Tm (s)  Tj 37 0 0 37 15042(t) Tj t7 0 0
37 169 0 7 Tm (s) Tj 37 0 0 37 904 0 780(i) Tj 37 0 0 37 868 0 Tm (e) Tj 37 0 0
37 294
892(t) Tj t7 0 0
37 169 0 0 Tm (n) Tt 37 0 0 37 971 0 Tm (t) T66 0 Tm  (a) Tj 8 T6 ( ) Tp 7 0 0 37
106 09 Tm (t) Tj 37 0 0 37 322 992(t) Tj t7 0 0
3
0.23999999
54 145.92006 cm BT 37 0 0 37 0 0 Tm 2F4.0 1 Tf (i) Tj 37 0 0 37
Q Q q 18.000002 40.0800W7 0 0 37 398 0 T ( ) Tj
37 0 0 37 515 0 T1i)
Tj 37 0 0 37 73 0 Tm (m) Tj 337 0 0 3606 0 Tm24 180.9601887
0 Tm (s) Tj 37 0 0 371 (r) 
7 141 0 Tm (c) Tj 37 0 0 37 158 0 Tm (a)
Tj n 37 0 0 37 622 0 m
(t) Tf 37 0 0 37 553 6Tm (o) T0 0 37 269 0 Tm  65145.92006 cm BT 37 0 0 Tm (l) Tu 37 0 0 37 211 0 Tm (c) Tr 37 0 0 37 227 0 
(4(a) Tj 37 0 0 37 214 0 Tm (d) Tt 37 0 0 37 824 15Tm (o) Tj 37 0 0 37
568 16Tm (r) To 37 0 0 37 407 18002
40.0n 37 0 0
37 299 0 Tm (]) T  37 0 0 37 467 0 Tm (,) T999 0 0 0.239999256m (o) Tj 37 0 0 37 424 272 Tj 37 0 0 37 122 0 Tm (dTm (s) Tj 37 0 0 37 420 007
 (e) Tg 37 0 0 37 434 0 7m (n) Tj 37 0 0 37 425 0 q 0.23999999
0 0 0.239993Tm (K) Tj 37 0 0 37 190 03m36 (d) Tj 37 0 0 37 6200808m ( ) Tj 37 0 0 37 
n) 4 Tm (t) Tj 37 0 0 37 422 0 Tm
(o) Tj 37 0 0 37 539 05Tm (t) T66 0 Tm  37 751 478 re W n /Cs1 cs 0 0 0 s4 Tm (l) Tj 37 0 0 37
899 0 Tm ( )
Tj 37 
 0 37 620 0 Tm (i) Tmm /F4.0 1 Tf (a) 37 0 071. 37 0 0 37 657 0 Tm
( ) Tj 37 0 0 37 731 0 Tm (a) TCj ET Q Q q 18.06 7m (l) TV 37 0 0 37 322 6 Tm7 ) TjS 37 0 0 37 748 0 5 (K) Tjj 37 0 0 37 771 0 Tm (h) Tj 37 0 0 37 962 98 re(o) Tj 37 0 0 37 424 72Tm (o) T0 0 37 269 0 Tm   Tm ( ) T 37 0 0 37 68 0 75002 40.080059 576 733.9176Tm (c) Tj 37 0 0 37 709 783u 0 Tm (t) Tj 37 0 0 37 422 894m (t) Tj
37 0 0 37 385 91Tm2(n) Tj 37
0 0 37 266 929 re W n /Cs1 cs 0 0 0 sc 1m
(t) Tj 37 0 0 37 553 c q 0.2399j 37 0 0 37 322 9 Tm (p) Tn 37 0 0 37 268 0 0 37
0 0t 37 0 0 37 824 1xa p

I

c  o 

s  so  n 4358 (a) Tj 37 0 0 37 174 45Tm (i) Tj 37 0 0 37 888 40T4(s) Tj 37 0 0 37 93 0 489m ( ) Tj 37 0 0 37 593 50 (d) Tj 37 0 0 37 194 0 52 m (l) Tj 37 0 0 37 1000042j 37 0 0 37 810 0 Tm ( 550 37 0 0 Tm /F4.0 1 Tf (569m
(a) Tj e7 0 0 37 486 0 Tm (2) Tnj ET Q Q q 18.06 7m (l) T006 cm BT 37 0 06 02 40.0800r7 0 0
166 0
Tm44 0 37 3w (t) Tj
37 0 0 67Tm (n) Ti37 0 0 37 67 0 TmTm ( )
Tt 37 0 0 37 211 69Tm (i) Tj 37 0 0 37 613 7 Tm (p) T  37 0 0 37 307  0 Tm (s) m 37 0 0 37 858 0 Tm ( ) Tj 37 0 0 37 858 0 Tm (t) Tl 37 0 0 37 887
0 Tm (s)j 37 0 0 37 195 0 T97m ( ) Tj 37 0 0 37 434 80T6 ( ) Tp 7 0 0 37
106 00 02 (t) Tj 37 0 0 37 628 83(c) Tj 3 37 0 0 37 190 0852j 37 0 j 37 0 0 37
973 0 0
 (e) Tp  ET Q Q q 18.0889 re W n /Cs1 cs 0 0 0 sc0j 37 0 0e 37 0 0 37 581 9 Tm (i) Tv0059 576 733.91998 re W n80059 576 733.91997m
(a) Tj e7 0 0 37 486 96 Tm ( ) Tj 37 0 0 37 858985m (w) T
 37 0 0 37 212 0  Tj 37 0 0 37 16 
q 18.000002 40.0800W7 0 0 37 398 0 T ( ) Tj
37 0 0 37 515 0 T1i)
Tj 37 0 0 37 73 0 Tm (m) Tj 337 0 0 3586.3 T074 180.960 Tm /F4.0 1 Tf (I) Tj 37 0
v 37 0 0 37 211 09m (s) Tj 37 0 0 37 448 0  Tj 37 0 0 37 136 0 Tm (s) Tj 37 37 0 0 37 18  0 Tm (n) Tj 37 0 0 37 887
02Tm ( ) Tj ET Q Q q
18.000m (s) Tj 37 0 0 37 211 0 0 37 28Ts 37 0 0 37 379 ) Tj 367 0j 37 0 0 37 361
03( ) Tj 37 j 37 0 0 37 194 ( ) Tj 3I 37 0 0 37 301 0 Tm (a) Tj 37 0 0 37 269 0 Tm (c) Tj 37 0 0 37 296 0 Tm (r) To 37 0 0 37 407 2Tmm ( ) Tj 37 0 0
37 577 2 Tm ( ) Tj 37 0 0 37 342 0  (d) Tj 37 0 0 37 194 0 0 Tm ( ) Tj 37 0 0 37 768 0 7
 (e) Ts 37 810 0 Tm ( 0 Tm (s) T  37 0 0 37 424 0 1Tj 37 0 0 37
114 0 Tm (  Tm ( )
Tj 37 0 Q q 18.000002 40.0800W7 0 0 37 398 0 T ( ) Tj
37 0 0 37 
86 0 Tm(p) Tj 37
0 0 37 474 0 Tm ) Tj404 0 Tm 3586.3 T074 180.960 Tm /F4.0
7114.0 1 Tf ( ) Tj ET
Q.23999999 145145.92o 37 0 0 37 371  Tm (j 37p 37 0 0 37 490
6Tm (a) Tj 37 0 0 37 859
07m ( ) Tj 37 0 0 37 434 8737 0 0 j 37 0 0 37 751 11Tm (o) T0 0 37 269 0 Tm 0 
(4(a) Ts 37 0 0 37 227 0 Tm (f) Tt 37 0 0 37 211 0 q 0.23999999 0 0 0.239991 Tm (n) T 0 0 37 141 0 Tm
72m (s) Tj 37 0 0 37 431 20T ( ) Tj 37 0 0 37 74 0
T2Tm ( )
Tj5999 288.48004 24002
40.0j 37 0 0 37 371 0 2m ( ) Tj 37 0 0 37 375 0 Tm (r) To 37 0 0 37 407 293m (o) Tj 37 0 0 37 424 0T5m (a) Tj 37 0 0 37 357 0 Tm (i) Tj 37 0 0 37 691 345m (t) Tj 37 0 0 37 483 0 Tm (e) Tj 37 0 0 37 269 38) Tj 37 o 7 0
0 37 93 0 4 T7(c) Tj 37
0 0 37 46 0 43Tm (n) T 0 0 37 141 0 Tm4 Tm (j 37 0 0 37 602 
81 0 Tm7c) Tjj 37 0 0 37 620088 Tj 37 0 0 37 114 0 Tm
(0 5 (s) Tjj 37 0 0 37 257 50 (d) Tj g 37 0 0 37 620 0 Tm ( ) Tu 37 0 0 37 691 0 T16( ) Tj 37 0 0 37 553 550 37 0 0a 37 0 0 37 931 0 649(s) Tt 37 0 0 37 693 0 Tm (c) Ti 37 0 0 37 117 00(c) Tj 37 0 0 37 158 0 T61Tm (l) Tj 37 0 0 37 819 6 Tm7 ) Tj 37 0 37 13 0 Tm ( ) Tj 37 0 0 37 34 0 Tm (u) Tj 37 0 0 37 53
0 Tm (n) Tj 37 0 0 37 72 0 Tm (p) Tj 37 337 0 0 3576Tj 37   180.9601887
0 Tm (s) Tj 37 
 0 371j 37 0 03999999 145145.92a 0
 37 137 0 Tm (,) Tj 37 0 0 37 150 0 Tm m (d) Tj 37 0 0 37 318 80 37 0 0 Tm /F4.0 1 Tf (b)  751 0 Tm(l) Tj 37 0 0 0 002 40.037 266 0 Tm1(w) T40 Tm (f) Tj 37 0 0 37 206 Tm (i) Tj 370 0 37 114 
1 Tm (o) Tj 37 0 0 37 592 1902(s) Tj 37 0 0 37 93 0 T Tm (s) Tb6 0 Tm  (a) Tj 37Tm (a) Tj 37 0 0 37 443 0
Tm
(t) T  37 0 0 37 352 0 Tm (y) T28006
cm BT 37 0288m (r) Tj 7 0 0 37 104 0302m (r) Tj 37 0 0 37
405 0 1m (r) Tj 37 0 0 37 407 040c) Tj 37 0 0 37 158 0 Tm 9m ( ) Tj 37 0 0 37 467 0 1m (t) Tj 37 0 0 37 430 0 Tm ( ) Tj 37 0 0 37 682 394m (l) Tj 37 0 0 37
207 010m (l)
2006 cm BT 37 0 042T ( ) Tj 37 0 0 37 63 0 T
Tm
(t) Tj 37 0 0 37 371 499
54 309j 37 0 0 37 581 0 Tm (i) Trj ET Q Q q
18.000Tm ( ) Tj 37 0 0 37 214 0 T BT 37 0 0 37 914 0 T6 5(e) Tj 37 0 0 37 146 0 Tm53q 0.2399j 37 0 0 37 322
551 37 0 0 Tm /F4.0 1 Tf (5602(s) Tj 37 0 0 37 93 0 0 1m (e) Tj 37 0 0 37 
12 0
(u) Tj 3e 37 0 0 37 174 0
Tm (n) Tv 37 0 0 37 819 6 5m ( )
Tj 37 0 0 37 628 65Tm (d) Tj 37 0 0 37 444 6 Tm (n) Tj 37 0 0 37 904 TmTm ( )
Tj 37 0 0 37 407 7 Tm (o) Tj 37
0 0 37 729 98 re W n /Cs1 cs 0 0 0 sc q 0.23999j 37 0 0 37 520 764m (a) Tj 37 0 0 37 859
074j 37 0 0 37 13 0 Tm (f) Tj 37 0 0 37 29 0 Tm (c) Tj 37
0 0 37 45 0 Tm ( ) Tj 337 0 0 37 503
0 Tm( ) Tj 37 0 008.563576Tj 37   180.9601887
0 Tm (s) Tj 37 f ( ) Ta0 37 111 0 Tm
(b) Tj 37 n 37 0 0 37 448 0  Tj 37 d 37 16 0 Tm (f) Tj 37 0 0 37 29 0 Tm
(f) Tj 37 0 0 37 41 0 Tm (e) Tj 37 0 0 37 58 0 Tm (c) Tj 37 0 0 21.527 0 576Tj 37   1
7 0 031F4.0 1107114.0 1 Tf ( ) Tj ET
Q 0 37 431 20m (s) Tj 37 0 0 37 420 06 BT 37 0 0 37 914 0 T6 4 cs 0 0 0 sc q 0.2399.0
5Tm (r) To 37 0 0 37 278 76m ( ) Tj ET Q Q q 18.00103m (i) Tj c7 0 0 37 211 0 3m (i) Tj 370 0 37 114 
1
Tm (o) Tj 37 810 0 Tm ( 1m545(o) T0 37
10 0 Tm (x) Tj 37 0 0 37 35 0 Tm

 0 Tm
(u) Tj 337 0 0 37 286 0 Tm(p) Tj 37
0 0 37 474 0 Tm ) Tj0 0 37 43 564 0 35 
 180.9601887
0 Tm (s) Tj 37 0 0 371j 37 0 03999999 145145.92u 7 0
0 37 93 0 48cs 0 0 0 sc q 0.2399.0
5Tm (l) Tj 37 0 0 37 741 08u) Tj 37 0 0
37 169 0 Tm8m (r) Tj 37 0 0 37
405 99m ( ) Tj 37 0 0
37 212 0 8 37 0 0e 37 0 0 37 581 1 4m ( ) Tj 37 0 0 37 255 0 Tm (w) T 0
37 108 0 Tm (i59m (g) Tj
37 0 0 37 385 0 Tm (a) TvCs1 cs 0 0 0 sc q 0.23999e37 0 0 37 93 0 T Tm (s) Tj 37 0 0 37 503 2T
37 0 0 o 37 0 0 37 348 0 Tm
(o) Tj 37 0 0 37 371 05Tm7(g) Tj
37 0 0 37 751 2 Tm (1) Tj 37 0 0 37 673 28 Tm (s)  Tj 37 0 0 37 153 Tm (]) T  
7 0 0 37 630 0 4m (n) Tj 37 0 0 37 414 0 ) Tj 37 7 0 0 37 158 0 Tm48m7 ) Tj 37 0 0 37 111 0364 0 37 3w (t) Tj
37 0 0 394m (l) To 37 0 0 37
207 010m (u) Tj 37 0 0 37 768 0
Tm (o) Tk37 0 0 37 63 0 T
1 ( ) Tj 37 0 0 37 63 0 Tm7m (c) Tj 37 0 0 37 593 07Tm ( ) T 37 0 0 37 68 0 T95m (l) Tj 37 0 0 37 10000 Tm (l) Tj 37 0 0 37
899 021m (i) Tj 37 0 0 37 691 0 0m (g) Tj
37 0 0 37 385 0 Tm ( ) Tj 37 0 0 37
642 07Tm3(c) Tj 37 0 0 37 617 587m
(t) Ta 37 0 0 37 350 60 (n) Tj 37r1.0 0
37 938 6 Tm (r) Te 37 0 0 37 962 6
Tm
(t) T  37 0 0 37 553 6Tsgi t ng

 oscu
t

i, y

 t  rgdTm (s) Tj 7 0 0 37 104 0311m
(o) Tj 37 0 0 37 412 3 Tm ( ) Tr 37 0 0 37
326 3 Tm ( ) Te 37 0 0 37 444 0 Tm ( ) Tn 37 0 0 37 484 07Tm ( ) Tj 37 0 0
37 473 0mTm ( )
Tj 37 0 0 37 820 0 T6 ( ) Tf 37 0 0 37 569 009m ( ) Tj 7 0 0 37
106 0 T90m (a) Tj 37 0 0 37 218 4002 40.080059 576 733.9190 Tm (i) Tb 37 0 0 37 581 0 0m (u) Ty37 0 0 37 68 0 T9Tm ( ) Tj 37 0 0
37 648 01Tm (i) Tj 37 0 0 37 888 530
(c) Tjh 37 0 0 37 868 5m5m (m) Tj 37 0 0 37
568 566m ( )
Tj u7 0 0 37 795 0 Tm (a) Tk 37 0 0 37 620 0 T8 (n) Ti37 0 0 37 67 0 T Tm (o) Tj 37 0 0 37 
32 0 Tm (g) Tg 37 0 0 37 748 0 Tm ( )Tjj 37 0 0 37 771 065m ( )
Tj 37 0 0 37 787 0 649(s) Tt 37 0 0 37 693 0 Tm (d
 Tj 37 0 0 37 820 0006 (d) To 37 0 0 37 407 709m (s) Tu 37 0 0 37 819 0 8 Tj 37 t/Cs1 cs 0 0 0 s7 9m (e) Tj 37 0 0 37 858 0 8f) Tj 3  37 0 0 37 859
07 (n) Tj 37r1.0 0
37 938 c0m (o) 
080059 576 733.91809m (s) Tk 37 0 0 37 628 83 (d) Tj 37 0 0 37 194 0 854
 (m) Tj 37 0 0 37 525 075m (a) Tj 37 0 0 37 357 88Tm (i) Tj 37 0 0 37 691 90Tm (d) Tj 37 0 0 37 318 92Tm (l) Tj 37 0 0 37 1000 40 37 0 0 Tm /F4.0 1 Tf 
959 0.2399j 37 0 0 37 322 9 Tm (e) Ts 37 0 0 37 592 9 Tm (e) T,
37 0 0 37 385 0oscu
t

s ua  tn  
t

eg3m ( ) Tr7 0 0 37 194 0 44Tj 37 0 m
37 0 0 37 751  75Tm ( ) Tj ET Q Q q
18.0001m (e) Tj 37 0 0 37 712 5 Tm (p) T  37 0 0 37 117 0 Tm (t) T‘ 37 0 0 37 691 0 Tm ( )
Tj u7 03 0 Tm (f) Tj 37 0 0 37 29 0 Tm (c) Tj 37
0 0 37 45 0 Tm ( ) Tj 337 0 0 37 503
0 Tm( ) Tj 37 0 4510 37544.8 Tm
(t) Tj 37 0 0 37 85 0 Tm (i) Tj 37 0o0
37 108 0 Tm (i) Tj 3 f 1m545(o) Tj 370 0 37 114 
17Tm
( ) Tj 37 0 0 37 223 080m (f) Tj 37 0 0 37 679 1 9m (g) Tj
37 0 0 37 751 017m (s) Tj 37 0 0 37 508 2TTm (r) Tj 37 0 0 37 278 0 Tm (t) Te 37 0 0 37 350 0 T7(c) Tj 37
0 0 37 46 0 T8Tj 37 0347 0 Tm (u) Tj
379 (u) Tj t7 0 0 37 166 0
0T5m (a) Tp 37 0 0 37 414 0 n e y1ots

n i

iem
o

on
osa

e 

a

si

n

mo

sc u

i

ca

 

 i

a 

s o

m

a

 

y

sa

u p  p s

uc

 f a

fo 4210 3 Tj 37 0 0 37 146 0 0 Tm ( ) Tc 0 0 37 166 0
T450 Tm (i)o37 0 0 37 190 0471m (i)
Tj 37 
 0 37 398 
90m (n) T37 0 0 37 194 0 50Tm ( ) Tj 7 0
0 37 97
0 0 Tm ( ) Tj  n2m77
(e) Tj 536m (t) Tj
37 0 0 37 696 053m (o) Tg 37 0 0 37
642 07Tm3(c)l

n

h

co

ef

u

  

o

c

Kot

u p sd

n

n(n) T[ 37 0 0
37 299 0 Tm2 (a) Tj 37 0 0 37 3180 Tm0
d

f

e co d

i

 ea4 W nt/Cs1
 0 37 425 0 q 0( )
Tj5999 288.48004 2403e

e

 t

i

t tmef (n) Tj 37 0 0 37 414 04 (a6 ) Tl 37 0 0 37 448 0 Tm  0 0 37 29 0 Tm
(f) Tj 374(o) Tj 37 0 0 37 520 374m

g

p sa 

no   

]

sj 37 7 0 0 37 508 2T
3767 03e37 0 0 37 93 0 T5T7((t) Te 3e 0 0 37 227 27Tm (r) Td 37 0 0 37 407 293
 (t) Tj
3t 0 0 37 407 293
 (e) Tj 37 0 0
37 294 30Tm
3 ) Tj 37 0 0
37 648
711m ( ) T  37 0 0 37 424 0 Tm (m) Ts 3d1 cs 0 0 0 s355m ( ) Tj 3e
0 0 37 
16 36

sf

u 83e W nt/Cs1 cs 0 0 0 sc T85(f) Tj 37 0 0 7 286 0 Tm(p) Tj 37
0 0 37 474 0 Tm sp

s

un g

p

asua o

ofu 

 480m ( (d) Tj 37 0 0
4 T28 (t) Tj
3t 0 0 376 0 Tm0 Tm2 Tj 37 0 0
37 294 7Tm (c)(t) T]37 0 0 37 67 0 TmTm ( ) Tj  2 269 0 Tm  65145( ) Tj 372 37 146 0 Tm53q 28 Tj 337] 0 0 37
642 07Tm3(c) Tj 31.0 0
37 938 c0m5 (t) T  37 0 0 37 352 79T56) Tk ET Q37 13 0 Tm ( ) T81i

 d

87(i) To 37 0 0 37 691 90Tm8(l) TV 37 0 0 37 322 6 T re W n8007 0 0 37 486 96 T2 n 5Tm (m ( )
Tj 3w 0 0 37 385 0) Tj 37 0 0 37 16 0 Tm (o) Tj 37 
 0 37
29 0 Tm (s) Tj 37 g

p y999i99 0 0 0.23999999m (1) Tc 0 0b 136 0 Tm (s) Tj 37 37 07 0 0
37 473 0mTm  Tj 37
0 0 37 46 0 11Tm3e

 

t9( )
Tj590 Tm (u) Tj
379 6 (f) Tj 37 0 0 m (c) Tj 37 0 0
37 59 0 Tm (u) Tj 37 0 0444 Tj 37 503 37 4T 0 37 0 031F4.0 
0 1 Tf (I) Tj 37 0
069. 0 083712 (o) m (y 0 0 37 29 0 Tm
(f) Tj 37 0 0 37 -3 0 Tm (c) Tj 37 0 0
37 59 0 Tm (u) Tj 37 0 0446. Tm ) 503 37 4T 0 37 0 0
Tm /F4.0 1 Tf (I) Tj 37 0
072.037 14112 (o) m (y 0 0 3
7 0 
 37 859
37 0 071999 0 0 0.23999999m ( ) Tj 3 3u 0 0 37 375 0
Tm  ) Tp 7 0 0 37
106 00 04m (i)e 37 0 0 37 361
0 T6(t) Tj
37 0 0 37 385 91T78 0 0 37 29 0 Tm
(f) Tj 9(s) Tb6 0 Tm  (a) Tj 37Tm( ) Tjb 37 0 0 37 407 64T1t

t

gp s1of

cin


fa

p

1 

m (o) Tj 3a 0 0 37
326 06TT7(t) Tj 37 0 0 37 712 5 T307 Tj 37 0 0
37 473 6(f) Tj3 

s

u 

o

a 

1f2
ue

i

78 (i) 0 147Tm (e) Tj 

 5Tm (m (
999S37 0 0 37 93 0 T T96( )
Tj59M
29 0 Tm (s) Tj 37 g) Tj
37 0 0 7 
86 0 
1i)
Tj 37 0 0 3m (j ) Tj 37 0 03337 0 0 3478.8 Tm
(t) Tj 37 0 0 37 85 0  6
 ia u
c

s
7(e) Tj 37 0 0 37 590 3801 (o) Td 37 0 0 37 210 0fcno n  u0 s

p y999i99 0 0 0.23999999m (1) Tc 0 00 0 37 751 452(s) Tjy 37 o 0 0 37 448 031m 
Tj 37 0 0
37 294 7Tm (c) Tj 37 c 0 37 728 9537 0 0 37 427 0 0
37 370 0 T82 p y  1m54(l) T0037 0 0 37 431 270240.080059 576 733.91929T47 0 0 37 0 0 37 93 0 86T67 0 0 37 0 0 37 228
0 9m ( ) Tj 7 0 0 37
106 0 T99W n
/Cs1 cs 0
37 210 0ay  1m54(l) T003 0 37 904 0102j 3
 Tk ET r 0 37 352 74
(c)9 0 0 37 0 0 37 93 0 86T6 0 0 Tm /F
cm BT 37
0 0 7( ) T 37 0 0 37
106 0 3T89 0 0 37 0 0 37 93 0 86T Tm (f)t0 t 0 0 37 712 3 Tm ( ) Tj 37 0 0 37 590 2 T13(c)
p

sy o 42109( ) Tr7 s

c

c

u

i
f

py

m  



that the developers actually sent the email before they checked-in 
code to give “a brief description of the impact that their work 
[changes] will have on other’s work”. The purpose of this was to 
give others time to “prepare for and reflect about the effect of 
their changes”, often resulting in people coming to ask about the 
change or asking for a delay, etc.  
Yamauchi et al. [23] also studied two different distributed open 
source projects, both using CVS, where mailing lists were pivotal 
for coordination and awareness. Before check in, developers 
would extract “the difference between the modified version and 
the central master code with [the command] ‘diff’ and then submit 
the differences to a mailing list” (p333). 

In all of these cases email serves to meet an informal 
communication and awareness need, but the informal 
communication takes place in parallel to, but separated from the 
CVS logs that anchor the discussions. They also require explicit 
effort (apart from the automated sending of changes) on the part 
of the developers to send the initial message and further describe 
or discuss the changes.  
Despite this, most developers reported that they felt that the 
combination of a CM tool and email worked well. Email provided 
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registered interest. Because the underlying event model in Elvin is 
very generic, a producer or a consumer can be anything from a 
software component to a person and it can be put to uses ranging 
from systems-oriented middleware messaging, to people-oriented 
filtering 



 
Figure 2. tickertape conversation triggered by CVS commit 

message. 
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Table 2: Frequency of occurrence of types of messages 

 Frequency of messages coded as 
containing text belonging to the 
category (percentage of total) 

Category of log 
entry 

Pre Elvin 
notifications  

Post Elvin 
notifications  

Description 168 (58.1) 112 (61.9) 

Basic description 52 (17.9) 20 (11.0)* 

Effect 68 (23.5) 49 (27.1) 

Rationale 55 (19.0) 40 (22.1) 

Future/ 
incomplete 

14 (4.8) 8 (4.3) 

Value judgement 12 (4.2) 5 (2.8) 

Empty message 18 (6.2) 0 (0)** 

Invitation 0 (0) 0 (0) 

Landmark 2 (0.7) 3 (1.7) 

Unsure/ hopeful 1 (0.3) 2 (1.1) 

Communication 2 (0.7) 1 (0.6) 

Named other 
developer 

12 (4.2) 7 (3.9) 

Smiley 1 (0.3) 1 (0.6) 

Pre Elvin notifications: N=289; post Elvin notifications: N=181. 
Pre and post frequencies were compared for each of the 
categories using the χ2 statistic. 
*p<0.05 
**p<0.01 

As table 2 shows, there was a decrease in the number of basic 
descriptions and empty log messages after CVS messages started 
to be sent as Elvin notifications. There was no significant change 
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when the cvs2ticker script was implemented, were deleted. 12129 
log entries were used in the analysis 

6.3 Word Counts 
Word counts were calculated for each of the remaining messages 
in the Elvin CVS log. Counts ranged from 0 words to 119. The 
mean word count was 9.0 (standard deviation = 8.3)  

The correlation of word count with time was calculated to 
investigate whether the increase in commit message length found 
in the Orbit log might extend to the much larger Elvin CVS log. A 
small, highly significant positive correlation was found between 
word count and time (r=.071, p<.001), a finding in line with the 
interpretation that the increased public availability of CVS 
commit messages afforded by tickertape may have encouraged 
developers to write longer descriptions of code changes. 
Correlations of commit message word counts with time for 
individual developers are tabulated in table 3. 
Table 3: Correlations of word count with time for individuals  
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