P osition Sp eci�cation in Program T races and Poten tial Applications in Semi-automated Debugging Kazutak a Maruy ama � and Minoru T erada Dept. of Mechano-Informatics Univ ersit y of T oky o 1 In tro duction In debugging programs, we do actions of tw o classes: examining v ariables, such as \print" in GDB, and moving the control p oin t, such as \step" or \break". Moving the control p oin t is very tiresome task and incidental to examining v ariables, so we would lik e to automate or semi-automate this. Doing so using the execution control facilities of current debuggers is imp ossible, since they are based on static informa- tion in source co des, but states of programs b eing debugged (called \debuggees") are dynamic. Thus we need to sp ecify p oints of execution in program traces to simplify our debugging pro cess. In this pap er, by re-executing deterministic C programs 1 , we prop ose a mechanism of moving con- trol to the target p oints of execution and some ap- plications of it. The implementation with GCC and GDB is also included. 2 P ositions in the Execution (1) while(i < a){ (2) i += b; (3) } If we execute the program ab ov e in a �le, test.c , line (2) is executed rep eatedly . When we aim at the third app earance of line (2) and we set a breakp oint at the line represented as (test.c:2), the execution stops there ov er and ov er. W e call the statically unique p oint in the source co de, such as (test.c:2), lo c ation . Therefore, we introduce a counter, timestamp , which is up dated when the same lo cation is exe- cuted so that each breakp oint hit can b e distin- guished b y using the pair of lo cation and time- stamp. In �gure 1, (�le:line, timestamp) represents the p oint of execution in the program trace, so we call this p osition . This new notion allows us to solve the problems noted in the introduction. 2.1 Dynamic Breakp oint A breakp oint of debuggers are set at a lo cation and the execution also stops at p ositions which are not � k azutak a@acm.org 1 W e are trying to handle also C++ programs. Figure 1: Lo cation and p ositions. our target. No w, we introduce dynamic br e akp oint whic h are set at a p osition not a lo cation. This can b e implemented by using existing debuggers: (1) w e adv ance the execution until the timestamp b e- comes the v alue of the target p osition, and then (2) con tin ue until the lo cation of the p osition by using normal breakp oint facility . At this p oint b oth time- stamp and lo cation match the intended p osition. 3 Applications of Sp ecifying Positions If we build a runtime which supp orts p osition infor- mation, we can automate the follo wing debugging pro cedures. These are simple, but it is imp ortant to b e able to automate them by using the computing p ow er which is more than enough. 3.1 Marking p ositions When debugging programs running in long time, suc h as trav ersing tree structures in game program- ming, it is useful to mark the p osition where all things are correct till the time in order to go back there later. It is a dynamic breakp oint itself and we can use commen t strings instead of a num ber as its iden ti�er. 3.2 Rev erse W atc hpoint It is hard to lo cate bugs as ov errunning the area of arrays or malloc -ed one, b ecause their results 1 are manifested muc h later. W e usually use w atc h- p oint facility of debuggers, but, generally , to o many writes to the destro y ed area o ccur, the execution stops by the watc hpoint ov er and ov er, we cannot �nd the real write of destruction easily . How ev er, we know b y exp erience that the write closest in time to the manifestation of the bug is. W e can implement \reverse watc hpoint" facility which adv ances the execution to the write by the following pro cedure: (pass 1) set a w atc hpoint 2 to the target area and re-execute the debuggee to get a list of p ositions where the watc hp oin t traps o ccur, and (pass 2) re-execute it again to adv ance the control to the last write. 3.3 Binary Search Metho d for Lo cat- ing Bugs Timestamp v alue, which a part of p osition infor- mation, roughly shows the p oint in the program trace and can b e used as a key of binary searc h. W e can walk around in the trace and get the time- stamp v alue of the time when some conditions b e- come false, for example, data structures of double- linked lists b ecome inv alid. If the maxim um v alue of timestamp is n , the maximum times of ev aluat- ing the condition is log n , then it is no more than 32 times when timestamp has 32 bit length. 4 Implemen tation of P osition Timestamp has to b e up dated at the following: (1) entrances and exits of function calls, (2) return statements, (3) goto statements, and (4) entrance of lo ops. T o implement this p ortablly , we insert co des up dating timestamp in to debuggees in the intermediate co de level of GCC. W e mo di�ed the parser, some actions of it, and some macros. 5 Pro cessing Time Measure- men ts 5.1 Ov erhead of Timestamp System The sp eed of debuggees slows down by added co des for up dating timestamp. W e measure it in case of gawk-2.15.6 and sho w the result in table 1. 5.2 Elapsed Time of Reverse W atc h- p oint Op eration Since the elapsed time of rev erse watc hp oin t op era- tion dep ends on the num ber of stops by watc hpoint in pass 1, w e measure the time in di�erent cases of the num ber (table 2) 3 . The time grows linearly . 2 GDB has this facility . W e use it for p ortable implemen- tation. 3 Celeron{400MHz was used for the exp eriment. T able 1: Ov erhead of timestamp system. Celeron Alpha SP AR C GCC options 400MHz 500MHz station20 (lin ux) (linux) (SunOS) -g -O 2.57 4.64 17.44 (sec.) -g -O -pg2 3.78 6.34 24.40 (sec.) factor 1.47 1.37 1.40 T able 2: Elapsed time of reverse watc hpoint op era- tion. trap of watc hpoint elapsed time (times) (sec.) 511 6.56 1011 11.94 1511 17.58 2011 23.46 6 Related W orks Bo othe[1] implemented a bi-directional debugger with some counters. All the counters do not need for our p osition, so ov erhead of up dating them is bigger, around 1.95 times against under 1.5 times of us. Ducass� e[2] implemented the execution control by designating the conditions of breakp oin ts in even ts, suc h as function calls, lo op entrances, and so on. Ho w ev er, designating the conditions do es not guar- an tee that the debuggee stops only one p osition. It suits manual debugging metho dology . 7 Conclusions W e prop osed the concept of \p ositions" as a basis of semi-automated debugging, implemen ted it into GCC p ortably , and also show ed three applications of it. Please download and try our GCC and wrapp er of GDB for using rev erse watc hp oin t. It is a v ail- able at the following URL: h ttp://www.sanp o.t.u- toky o.ac.jp/~k azutak a/gcc/ References [1] Bob Bo othe. E�cient algorithms for bidi- rectional debugging. In Pr o c e e dings of the ACM SIGPLAN ’00 Confer enc e on Pr o gr am- ming L anguage Design and Implementation , pages 299{310, 2000. [2] Mireille Ducass� e. Co ca: A Debugger for C Based on Fine Grained Control Flo w and Data Even ts. In R app ort de r e cher che INRIA RR- 3489 , 1998. 2