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On Design of Program Analysis and Visualization
for Legacy Assembly Program Understanding

Y OSHIHIRO AKIYAMAt and SHUN MIZUNOt

Legacy Software Maintenance demands never-ending program understanding. The task has
become difficult because the information of program structure and behaviors is sometimes
not visible to human eyes. Such situation may be resulted maximized in the case of large
complex legacy assembly code. After defining the objective of the program understanding
task, this paper describes first a general model of the program understanding processes which
may vary from programs to programs. Then, a new description method that uses a bracket
notation is introduced to formulate assembly program information. The bracket notation is
also used to describe the program analysis computation (algorithm) so that how all program
information needed for easier program understanding is derived or transformed is identified
and specified accurately. To present easily-understandable flow graphs, compared to currently
proposed versions, a new way of drawing program graphs is proposed by introducing a space-
time metric (axises) for the node layouting. A prototype called Software MicroScope (SMS)
was developed based on these ideas and experimented to complex assembly programs of a few
thousand lines. The evaluation has shown 1) automated analysis and visualization of program
information, and 2) decreased workload of the program understanding by order of ~10~
The automated and accurate analysis of program information and the metric based software
flow visualization were the keys for the improvement.
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Fig.1 Program understanding process model.
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_EXTERNAL _SYMBOL DICTIONARY. PAGE 1
SYMBOL TYPE D ADDR LENGTH LD ID FLAGS ASK H V 02 17.48 07/30/89
RXCALLM SD 000t 000000 00017
RXCALLM: Rexx CALLED funclxon in assembler language PAGE 2
PROGRAM_SECTION
LOC O0BJECT CODE ADDR1 ADDR2 STMT SOURCE STATEMENT ASH H V 02 17.48 07/30/89
RXCO0020
2 » The format of the CALLED function is:
3 x RXC00030
4 % CALLED (Knumber><, 'Detail > < Asis' D) Pasis RXC00040
000000 32 RXCALLM CSECT RXC00320
00000 USING = R12 RXC00330
00000 34 USING NUCON 0 RXC00340
000000 90EC DOOC 0000C 35 STH 14,12,12(13) Save the register for later. RXCO0350
000004 1880 38 LR R11 Get the pointer to the plist RXC00360
37 DMSFREE DHURDS'WKSZ RXC00370
000006 5800 C160 00160 38+ L 0, =A (WKSZ) SIZE OF REQUEST IN DOUBLEWORDS 01~DMSFR
00000A 0ACB 39+ SvC 203 02-DMSFR
00000C 1E04 40+ 0c H 7684" 02-DMSFR
00000QE 1891 41 LR RS. R Work area address RXCO0380
00000 42 USING WKSECT, R9 RXC00390
93 DMSFREE DWORDS=(0), TYPE=USER, TYPCALL=SVC RXC00900
000094 0ACB 94+ SVC 203 02-DMSFR
000096 {E04 95+ oc K 7684" 02-DMSFR
000098 1851 96 LR RS, R1 save the EVALBLOK address in RS @asis RXC00910
98 = Fill in some of the EVALBLOK fields 0 RXC00830
0000EE O7FE R14 Return to caller RXCO1260
136 ~/SU8-C26 RXCO1280
136 * C2B: Routine to co
000CFO0 160 C2B DS RXC01520
0000F0 9002 9000 00000 161 ST RO. R2, TEMPSAVE Save registers RXC01530
00Q12E O7FE 181 BR R14 Return RXC01730
LOC OBJECT CODE ADDR1 ADOR2 STMT SOURCE STATEMENT ASM H V 02 17.48 07/30/89
000160 204 RXC01960
000160 000C000A 205 =A (WKSZ
000164 C3ID4E240 206 =C' CMS
LOC OBJECT COOE ADDRt ADDR2 STMT SOURCE STATEMENT ASM H V 02 17.48 07/30/89
000000 213 WKSECT DSECT RXC02010
000000 214 TEMPSAVE DS 16F Seve area for FIND and MOVE RXC02020
000000 224 PARMS DSECY Input parameters RXC02120
000000 225 NUMBER oS F Relative save area slot RXC02130
3090 RXC02410
DRDSS BEH.RENCE
SYMBOL LEN VALUE DEFN REFERENCES ASM H V 02 17.48 07/30/89
ASQURCE 00001 00000952 1332 1346

0092 0103 0133 0181 0164
0063 0063 0066 0096 0124 0162 0172 0175 0178 0177 0178

ASM H V 02 17.48 07/30/89

Fig.3 An example of program listing.
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Ames2) o000s 0001600z Qoaa aize

=C'CMS ' 00004 000164 0206
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* Machine Instruction Definition Table
* NEWONI :0P CODE_SYNBOL
= TYPE:  INSTRUCTION TYPE
* LEN:  INSTRUCTION
* COND:  CONDITION SET_INSTRUCTUON (C)
* RRIV: 10N MODE

* 1=PRIV., 2=PROB.,3=....
* STORAGE REFERENCE:

*

*
*
*
*
*
*
H *
* UPDT-OPRND-NO = INDEX OF OPERAND(S) WHICH 1S UPDATED *
* REF-OPRMDS = MARKS OF CPERAND(S) WHICH IS REFERENGED =
* UPTO THREE OPERANDS) *
* B BRANCH TYPE STINT *
« | HASK FOR CONDITIONAL BRANCH *
%Gl CALL TYPE STHT *
* E: BD TYPE STWT *
* REGREF: REFERENCE |NFORNATION *
* REFUP: UPDATE [MFORMAT ION "
* R = REGISTRR *
* X = STORAGE *
® | = IMEDIATE *
* A = ADDRESS *
* P = PAIRED REGISTERS *
* ¥ = SCOPE REGISTERS *
NENONT  TYPE COND PRIV OP-C STORAGE REF K C E REGREF REGIP *
* LN UPDT-CPRID-1N0 *
* *
* v v B v *
* 5 10 15 20 25 30 35 40 45 N 5% & *
e || [ | e f— [ || 1=l *
=k Genoral Instruction
R R 2 2 1A A R R
A RX 46 2 6A X K R
M RX 4 2 4 X . X R
AR R 2% 2 iE A R R
A RX 4 2 SE X X R
R R 2 2 1 .. .. . R R
N RX 4 2 54 X RX R

(1) BREGALBT -7V (MIERF—T V)
(1) Machine instruction description table.

«  SVC Instruction Definition Table *
* Defmltlms for each Coluam.

* The SYC ends omtrol flow.

* 2 : The SVG changes Condition Code.

* 3 : The SYC is eliminated.

* 4 : The SVC calls a routine, .

* the name not given explicitly.

* Oprnd @ Operand Parms.

* .

‘S(V% Desc...... 1.2.3.4.5.6.7.8.Descriptions. ...

(2) SVC @ wfc7—7 Vv (SVC k7 —7 1)
(2) SVC instruction description table.

*  Macro Definition Table

*

* Notes: Oprnd (Operax!s) nust be Specified when necessary.
* Def%l(%)m for each Col

LR I R R R R I

* The macro u\ds contro! flow.

*  DA(IT) : The macro defines data area and is not executable.

* 862D : The and shows a call target (subroutine-ID)

* z?er sub (single operand)

* CM_ sub, pl=xxx, . First positinal word)
*  1DRY : The mcro defines a single DSECT logically.

* ( assumes a label to be associaited)

* L0205 : The macro defines a single CSECT logically.

* ( assumes_a label to be associaited)

*  XF(29) : The macro is discarded and the expansion is taken.

*  Oprnd @ Operand Parms

* ED SLL X

* CDC F

op...... GHIVLOPIMA. ..o
* SECH(IU Asseabler statmts

CSECY .. ...

| 7D SR

usiNG ..o

K e st easedee e aen et it aaes
TF SECTIONZ: Structured Il)a(cros

HN ... ... X *

ELSE ... X *

[0 X *

* SECTIONS: Omvmtlonal 0S macros

CALL ...

RETURN ) SN

ABRD X.o ...,

8) v 7uf7—7 N (UM BT —7V)
(3) Macro description table.
K4 woeitdERT—7 N
Fig.4 Basic table of statement description.
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Fig.6 An example of the basic presentation of program
information.
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Fig.9 Visualization of subprogram control flows.
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