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Introduction 

For those of us who are essent ia l ly  high level 
programmers, the in t r icac ies  and lack of structure 
in assembly language programs are often an in- 
surmountable barr ier  to e f fec t ive  assembly 
language programming. This paper attempts to show 
a way to overcome this barr ier .  Structured 
pseudocode is used to solve the problem just as i f  
the solut ion were to be coded in PL/I, PASCAL, 
ADA, or some other structured high level language. 
Then the structured pseudocode is "compiled" into 
assembly language using appropriate labels to show 
the structure of the assembly language program. 
Formal roles for  the "compilat ion" are not given 
in the paper. Instead, the various control 
structures are demonstrated in BAL along with the 
corresponding pseudocode. Branch instruct ions 
abound, of course, as they must in any assembly 
language program. The readab i l i t y  of the program, 
though, is immensely increased by good statement 
labels. By using a header, and perhaps even in-  
cluding the pseudocode in the program through 
comments, the program can be made readable even to 
non-assembly language programmers. Assignment 
statements in the assembly language are commented 
to show the equivalent high level statement of the 
pseudocode. Then most, i f  not a l l ,  statements in 
the assembly language are made readable. 

IBM BAL is used to demonstrate the concepts in the 
paper; however, the techniques are adaptable to 
any assembly language. The remainder of the paper 
deta i ls  the technique for  the fundamental control 
structures, other control structures, and assign- 
ment statements. Other documentation techniques 
to increase readab i l i t y  are discussed, and a com- 
plete program is given to document the techniques. 
Al l  techniques discussed are those taught to 
students in CST 210--Assembly Language Program- 
ming, at the University of Southern Colorado. 
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Fundamental Control Structures 

The three fundamental control structures of 
sequential execution, a l te rna t ion ,  and looping 
are described here using pseudocode and BAL. One 
of the easier looping structures to implement in 
BAL is the DO WHILE DATA AVAILABLE. Pseudocode 
for  this structure is 

DO WHILE DATA AVAILABLE 
GET A,B,C,D 

PROCESS DATA 

PUT A,B,C,D,X. ;. 
END DO. 

As the usual two GET statements are not necessary, 
in BAL, they are not used in the pseudocode. To 
implement th is structure, these BAL statements 
may be used 

IN DTFCD DEVADDR=SYSRDR, 
EOFADDR=ENDDO . . . .  

OUT DTFPR DEVADDR=SYSLST . . . .  

DOWHILE GET IN, INAREA GET A,B,C,D 

PROCESS DATA 

PUT OUT, OUTAREA PUT A,B,C,D,X 
B DOWHILE 

ENDDO NOP ENDDO 

For those not f am i l i a r  with the deta i ls  of BAL, a 
few remarks on this example are in order. Note 
f i r s t  that the structure of the pseudocode is 
c lear ly  v i s ib le  in the BAL statement. Contrast 
this with the usual method employed, where the GET 
would be labeled LOOP. This cer ta in ly  shows the 
beginning of the loop; but where is the end of the 
loop? The B DOWHILE is the statement that creates 
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the loop. An uncondit ional branch to DOWHILE 
occurs whenever th is  statement is reached. But 
what stops the loop? The DTFCD macro entry 
EOFADDR=ENDDO specif ies the address to which the 
program branches when an end of f i l e  condit ion oc- 
curs on f i l e  IN. Detai ls of the storage associated 
wi th the GET and PUT macros may be seen in the 
program example in the Appendix. 

Another fami l i a r  DO WHILE statement in pseudocode 
form is 

DO WHILE A < B 

} BODY OF LOOP 

ENO DO. 

Assuming that A and B contain packed decimal num- 
bers, th is  pseudocode may be implemented in BAL 
using the Compare Packed ins t ruc t ion .  

DOWHILE CP A,B 
BH ENDDO 

i}  ooYo ,oo  
B DOWHILE 

ENDDO NOP ENDDO 

A < B  

The BH ins t ruc t ion  branches to ENDDO i f  A > B. 
Again, notice the readab i l i t y  of the structure.  
The No Operation may appear somewhat strange in the 
previous two BAL segments. Even though i t  does not 
generate any executable code, i t  must have an 
operand f i e l d  to avoid a syntax error .  The state- 
ment label (ENDDO) of the NOP ins t ruc t ion  provides 
th is  operand to avoid the syntax error .  

A l ternat ion may be accomplished in BAL using simi- 
l a r  techniques. For example, the pseudocode 

IF X = Y 
THEN 

ELSE 

ENDIF 

assuming that X and Y contain packed decimal 
numbers, may be implemented in BAL as 

IF CP X,Y X = Y 
BE THEN 
B ELSE 

THEN " I  X = Y CLAUSE 

) 
B ENDIF 

ELSE 

} X Y CLAUSE 

ENDIF NOP ENDIF. 

Notice the B ENDIF statement at the end of the 
THEN clause. This statement insures that the THEN 
and ELSE clauses are not both executed by branch- 
ing over the ELSE clause to ENDIF when the THEN 
clause is reached. 

An object ion to th is  implementation might be that 
i t  uses one more branch ins t ruc t ion  than the 
"unstructured" BAL program would. A shorter 
implementation is then 

IF 

THEN 

ELSE 

CP X,Y X = Y 
BNE ELSE 

• I X = Y CLAUSE 

) 
B ENDIF 

X ~ Y CLAUSE 

ENDIF NOP ENDIF. 

This implementation is no longer than the un- 
structured version except for  the NOP ins t ruc t ion .  
As wi th the ENDDO, th is  ENDIF label serves to 
de l im i t  the control s t ructure and great ly  increase 
the readab i l i t y  of the BAL program. 

I f  the ELSE clause is not present, the BAL imple- 
mentation becomes 

IF CP X,Y 
BNE ENDIF 

THEN 

X = Y  

or 

ENDIF NOP ENDIF 

IF CP X,Y 
BE THEN 
B ENDIF 

THEN 

X = Y  

ENDIF NOP ENDIF 
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The choice between the above forms is l e f t  to the 
student. The two branch method is eas ier  fo r  most 
students to understand. For those who th ink that  
the two branch method is i n e f f i c i e n t ,  the s ing le  
branch method is ava i l ab le .  In e i t h e r  case, the 
resu l t i ng  code is readable. 

What happens when more than one IF THEN ELSE ENDIF 
st ructure appears in a program? Cer ta in l y ,  other  
labels  are needed to avoid dup l ica te  statement 
labe ls .  What about nested IF THEN structures? 
This pseudocode 

IF A < B  
THEN IF B < C 

THEN 

ELSE 

ENDIF 
ELSE IF C < D 

THEN 

ELSE 

ENDIF 
ENDIF 

may be implemented in BAL as 

IF CP A,B A < B 
BNH ELSE 

THEN CP B,C 
IFI BNH ELSEI B < C '} 

A < B , B < C  

B ENDIFI 

ELSEI " I  A < B, B -> C 

) 
ENDIFI NOP ENDIFI 

B ENDIF 
ELSE CP C,D C < D 
IF2 BNH ENDIF2 

THEN2 " I  A > B, C < D 

9 
B ENDIF2 

ELSE2 " I  A -> B, C -> D 

J 
ENDIF2 NOP ENDIF2 
ENDIF ]~OP ENDIF. 

Ce r ta in l y ,  th is  BAL is more d i f f i c u l t  to f o l l ow  
than previous examples, but the high leve l  con- 
t r o l  s t ructures are s t i l l  v i s i b l e .  Contrast th is  
example wi th th is  equ iva lent  BAL code 

CP A,B 
BNH X 
CP B,C 
BNH Y 

B P 
Y 

B P 
X CP C,D 

BNH - P 

B P 

Which of the l as t  two examples do you th ink a 
student is more l i k e l y  to get working? While the 
f i r s t  example may be tedious to f o l l ow ,  the 
second equ iva lent  example is ce r t a i n l y  more d i f -  
f i c u l t  to f o l l ow .  

Assignment statements need only be proper ly  com- 
mented to assure t h e i r  r e a d a b i l i t y .  For example, 
the pseudocode 

X = (A + B) * C/D 

may be wr i t t en  in BAL 

ZAP X,A X = A 
AP X,B X = A + B 
MP X,C X = (A + B) * C 
DP X,D X = (A + B) * C/D 

The evolv ing assignment statement is shown in the 
comment f i e l d  to completely document the BAL 
statements. Deta i ls  of  the Define Constant s ta te -  
ments associated wi th the packed decimal ins t ruc -  
t ions may be seen in the program in the Appendix. 

Other Control Structures 

While the set of  contro l  st ructures shown so fa r  
is a s u f f i c i e n t  set to wr i te  any program, other 
contro l  st ructures are usefu l .  The REPEAT UNTIL, 
CASE, and i t e ra ted  DO are shown here. The PASCAL- 
l i k e  REPEAT UNTIL s t ructure in pseudocode form is 

REPEAT 

UNTIL A = B 
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In BAL we have 

REPEAT NOP REPEAT 

• I BODY OF LOOP 

) 
CP A,B 

UNTIL BNE REPEAT A = B. 

Again, the beginning and the end of  the loop are 
both c l e a r l y  v i s i b l e  to make a readable BAL pro-  
gram. 

A CASE s t ruc tu re  is  shown by the pseudocode 

BEGIN CASE 
CASE A = 0 

CASE A < 0 

The BAL implementat ion might be 

DO 
L 6, = F ' I '  
C 6, =F'75'  
BH ENDDO 

R6 = 1 TO 75 BY 2 

ENDDO 

A 6, =F'2 '  
B DO 
NOP ENDDO 

An advantage of  the pseudocode approach is tha t  
any known high leve l  s t r uc tu re  may be used in 
pseudocode. Whatever s t ruc tu res  are p re fe r red  may 
be implemented in BAL. Thus, in problem so lv ing  
students are not l i m i t e d  to the s t ruc tu res  of  any 
past ,  p resent ,  or f u tu re  high leve l  language. For 
example, the s t ruc tu re  below could wel l  rep lace 
the case s t ruc tu re  of  a previous example 

I F A = O  
THEN 

CASE A > 0 ELSE1A < 0 

END CASE. 

In BAL we might have t h i s  implementat ion 

BEGINCASE ZAP X,A 
BZ CASE@ 
BM CASELT@ 
BP CASEGT~ 

ELSE2 A > 0 

ENDIF. 

The BAL implementat ion is  s t r a i g h t f o r w a r d  

CASE@ A = 0 IF 

B ENDCASE 
CASELT@ A < 0 

ZAP X,A 
BZ THEN 
BM ELSE1 
BP ELSE2 

THEN A = 0 

B ENDCASE 
CASEGTB A > 0 

B ENDIF 
ELSE1 A < 0 

ENDCASE NOP ENDCASE. 

The s t ruc tu re  of  t h i s  code is  c l e a r l y  shown by the 
statement labe ls  and the comment f i e l d s .  

The i t e r a t e d  DO s t ruc tu re  is a lso e a s i l y  imple-  
mented in BAL. For example, i f  the pseudocode is  

DO I = I TO 75 BY 2 

ENDDO 

B ENDIF 
ELSE2 A > 0 

ENDIF NOP ENDIF. 

This is  eas ie r  f o r  some students to f o l l o w  than 
the case s t r uc tu re .  Thus, abso lu te l y  any useful  
s t r uc tu re  can be used in problem so lv ing  and then 
implemented in a readable way in BAL or  another 
assembly language. In add i t i on  to con t ro l  
s t r uc tu res ,  o ther  documentation standards are used 
to improve r e a d a b i l i t y .  
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Other Documentation Standards 

A most important inclusion in any program is a 
header to explain the purpose of the program. 
Simple programs only require a l ine  or two to 
b r i e f l y  describe what the program does. The 
pseudocode i t s e l f  may be included as comments at 
the top of the program in order to document the 
program. Both the input and output formats may be 
described. An appropriate place to describe these 
formats is where they are declared. In te r io r  com- 
ments in the program are, for  the most part,  
unnecessary. The structure stands out enough to 
make the program readable without separate comment 
l ines.  

Al l  of these documentation techniques are i l l u s -  
trated in the sample program included in the 
Appendix. This program is self-documenting. Its 
purpose and flow of control are easy to fo l low 
even for  readers who do not know BAL. 
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Summary and Conclusions 

By solving the problem f i r s t  using structured 
pseudocode and them "compiling" the pseudocode 
into assembly language, students can wri te read- 
able self-documenting programs beginning with 
the i r  f i r s t  simple assignments. As the problems 
become more complex, the advantages of the 
approach described here become even more obvious. 
A side benef i t  is the a v a i l a b i l i t y  of absolutely 
any control structure in the pseudocode. Students 
are not rest r ic ted to the structures of any single 
high level language. 

Previous to taking assembly language, i t  is ex- 
tremely useful, but not absolutely necessary, i f  
the students have taken an introductory course 
using the pseudocode approach to problem solving. 
I f  they have never seen any of the pseudocode 
structures before, they must learn pseudocode and 
BAL at the same time. Most students do, in fact ,  
accept this approach read i ly ,  perhaps because i t  
makes i t  much easier for  me and the consultants to 
help them debug the i r  programs. This approach 
minimizes the number of runs i t  takes to produce a 
working program. In addi t ion to assembly language 
this approach of pseudocoding the solut ion and 
then manufacturing appropriate control structures 
can be applied to any high level language such as 
FORTRAN or BASIC that lacks some useful control 
structures ( for  example see reference 3). 

In conclusion, I would urge prospective authors 
and editors of BAL textbooks to consider using 
this approach in your books. The resul t ing books 
w i l l  be great ly enhanced and perhaps even more 
marketable. 
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ADDR 2 

0 0 0 0 2  

00203 
C 02 C7 
002 OA 
00532 
00536 
09.5 iS 

0053A 
00524 
0052 = 
003 i.~ 
0020~ 
0 0 5 4 2  

0O520 

O0 5 3E 
0 0 5 2 4  
0052~ 
O031R 
O020A 
00542  

O0 20A 
00207 
00545 

STMT 

i 
2 
3 

5 
6 
7 
a 
9 

I 0  
1.1. 
12 
13 

15 

] 7  
18 
IO 
2O 
21. 
27 
2B 
24- 
25  
26 
2./ 
28 
29 
3,0 
31. 
3~ 
3B 
4-2 
4.S 
54. 

66 
72 
78  
84. 
90 
c6 

I OB 
1. 04 
I 0 5  
106  
1.07 
I t 8  
1C9 
r i o  
l i t  
I1.2 
11.3 
l l Z ,  
115 
I t 6  
117 
I 1 8  
l t 9  
120  
1.21 
122 
123 
1 2 4  
1.25 
126  
127  
128  
12() 

t 3 t  
137  
1.38 
1 3 o  
14R 
151 

DIC 

sn'J~'r'F ~'AI"~'M~NT CnS/VSE- ^SS."'.V~.L -'~ ] 2 . 1 4  f 

* TH~S IS TI-E THIRD PP, OGR~MMF flUE IN CST 210, PALL QF IS~] 
* I T  I S  A PROG%A~4MF TO CAI..CULAT~ S#.LARY Fmk S~I ~¢4EN D~FC-r,Tt.,~-~C,* 
* ON THFIR SALARY 6~.SE AND BONUS, IF At,.Y. WRIFT=N BY K,,I(P~ * 

* PSFLIDOCOCF -~ 

* CP~: ~' FIL ~-e 
* P~- I hT H F a ~ S  
* DOWH!LE C~T~ =XISTS 
* G.FT S,~L,N~,SALA.~Y, SALT-~ AMOUNT 
* IF S ,a LES >=5r)30 
* THF~ gCNUS='Y~S' 
* StLBRY:S .~L~RY *200 
* ELS ~ IF SALC~>=IOml 
* THHN BP;,LJS = '  Y ~S ' 
* S #LARY= S AL~ RY +100 

2LS r ' BONUS=' ,43'  
* ~NOIF 
* ~NDIF 
* ~NDCC 
* PFI~NT ~AL~C,g~t~PY, ~Nr)[JNT, Br]NU ~ 

.CL ~?SE FIL~S 

P~INT N:3GFN 
START 

BEGIN BALE I I , 0  ~ T  UP BASq R~GIST?R 
USING * , i 1  

.C. P ~ ~. I N,CUT ,.q P ~-~ '4 F !LL!S 
roUT OUT,BLANKS PqI,~]T BLt.~'K L~.~'~F 
PUT OUT,BLANKS P.C. INT RI..ANK L.INF: 
PUT OUT,BL/~NKS PRINT St.*hK tiN5 
PUT OUT,H~ADERI P~ !~T I-~AD~R 
PUT 3UT,BLANK~ P E I N T  ~LANK LTNL 
PUT OUT,BLANK~ PRINT @L~NK LIN~: 
PUT CUT,H,'TAD~R2 PRINT COL. U>IN HEAr)E;i 
oUT OUT ,H~#OC~3 PR It4T CnLU~-~:,I H.~!.OSR 
PUT OUT,BL.~NKS P R I N T  BLANK. L INE  

DOWHI t~ GET I N ,IN#.~S~ SALN3, S~L ,SAL?" eMT 
MVC OSALNC.,S&LNO M~!VE SA.LNn T!D PF~NT 
PACK PSAL,SAL P~CK S~LARY A'4F}U4T 
'~a.CK P.~NT,ANT P~CK <M"]LNT OF' ~%L.; 
P~CK PB BS# t~, R.QS ALE! PBBS&LF=P '5£0C ' 
PACK PB~ ~t~ ,.BS ~.t[ PBSALC:P' tCCO' 

IF CP PA~T, PBBS ALe SALES=SCCC 
BL ~LSE 

TH~N °.~CK P~B{'N, BBCN P'BBON =P '2C0' 
AP PBBCN,P~AL SALA~ Y= ~ALAr~ Y+2CO 
I.JNPK Oo ~Y, PBB~.~ 
mVZ OP~Y+3(1),OPA.Y÷2 FIX LAST DIGIT 
~4VC OAMTiAMT ML}VL: 3AMT TO P~INT 
~vVC c~ACK,Y~S BONUS:'Yf.S' 
B F.NDI F 

ELK~ NOP ELKF 
I F I  CP PA~T, PBS AL:~ SALFS=tCCC 

BL Et.SEI SALES LESS THAN 1000 
o~.CK PS r~CN,S B['N P SBON =P 'ICO ~ 

THFNI AP PSRCN,PSAL S&LARY=SALAP Y+] CO 
UF'PK CPAY,PSBCN 
MVZ .nP~,Y+3II},EP*-Y+2 PIX LAST DTG~T 
MVC CA~T,A~T N.]Vf~ !]~MT TO PPINT 
NVC O#CK,YES B,qNUS='YES' 
B ~NCIF 

ELS?I ~VC OAIVT,ANT MOVE 05~.T TO PRI4T 
~VC gP~Y,.~L .~4OV~ O ~ Y  Tn PeINT 
~VC Ot. CK, NO BqNUS=' NO' 

F N D I P l  N.3P E N D I F I  
'~NDIF PUT 9UF,,3UTAR~.< P~ INT OUTPUT 

B DOWNI LE 

=NDDO CLOSE I N , C U T  CLOSe TFE FIL,CS 
~OJ END OF JOB 
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AODR2 

0 0 0 0 0  

PAG 

S '' ~ 'r S~ U~C ~ ~TATE ME RT DOS/VSZ ASSFMBLr-P 1 2 . 1 4  R 

154 * INPUT. LE~!GTH D ~ F I N ! T ! C N S  * 
155 * ~ * * * * * * * * ~ * * * ~ * * * * * * * * * * * * ~ * * * * * * * * * * * * * # * * * * * * ~ * * * * * * * * ~ * * . * * * * * * * * e *  
156 * 
157 IN 

178 
179  
18n  
181 
182 
183 
184 
185 
1 86 
187  

18o  
l q O  

! N &  

I NA~=A DS c)C 180 
T',£ CLI 

SAIYO DS CL4 
SAL ~S CL~ 
,~ M "r ~S CL4 

r')s CL68 

nTmCD DEV~DDF= SYS RDR, * 
I C ~  FEAt: l~'h, * 
~OF ADDR= :~,lP. Ofl, 
BLKSI ZE:=83, 
W ~ K A = Y ~ S ,  * 
RE' C FOR ~= FIXdNB 

OS CL80 

****** ~** ***** **** ~******* ****** ********************** ~*************** 

* gUTPUT LZ'~GTH DFFTN!T!r~NS * 

• ~ ~ t. ~ ' T  ] b T  [~TFpj~ DFV. DIDR=~YoL~ , 
I C ~ E A I = Q U T A .  
BLKSIZr= 132, 
WCPKA=YFS, 
RF CFORM= FIXUMB 

2 ] 2  nt!T8 DS C'L 132 
213 * 
214  C uT~RC A, ~S OC L t 3 2  
215 r)c CL4' ' 
216 0 S,~ I.. ,"~0 nS CL4 
217  r,c CLS '  ' 
218 npAy DS CL4 
2 I g  DC CLS '  t 
_'?20 q&PT nS CL4 
221 PC CL3' ' 
272 qACK DS CL3 
2 7 3  ~C CLIO0' ' 
224  * 
225 * * * * * * *  ~ * * * ~ * * * ~ , ~  ,~ ~ * * * * * ~ - *  ~ * * * * * * * * * * * * * * * * * ~ * * * * * * * * * * * * * * * * * * * * * * ~  
~'26 * HEAD~{R LItkES * 

22R_ * 
229  H~,~r :P, l  Dr C L I 3 2 '  5 ' , L ~ ! - ~ N  S~L~RY ~NP EqNUS- 
2~0  H~'AD~R2 DC CL132' S # L,":£ M~ ~ AM']UN T ' 
231 Hc AD:: R3 OC C L I 3 2 '  NU :,~ B ~R S AI. ~RY SnLO BDNUS' 
2~'?_ * 

2"~4 * P/~CKED #RFA D':'FINITIONS ~- 

~36  * 
237  PSBS~LF OS PL4 BIG BONUS S.&LF OVEP 5COC 
23R oBShL~ D~ PL4 BnNUS S~LE .OVFR iC£0 
239 PS#L r~S PL3 ~/~L",:SNANS SALARY 
240 PAWT mr" PL3 &MOUNT QF SALES 
?41 P~B~K~ P~ PL4 SM~LL B3NUS = $ 1 0 0  
242 OBRr_'N .~S PL4 BIG BONUS =$200 
243 * 

245 * SP&CE n.,{'FINITICNS Pn~ nTHFR V.~RRI~.BLFS * 

747 * 
24£  ~ S . ~ I . E  r~C C' 5000' 
240 BS;,L~ IL"C C' I003 '  
250 BBCN DC £' 0200' 
251 S B C,~-I ~C C' 0100' 
?52 Y~ q nC C' YFS' 
25~ Mn 0£ C' ~C'  
254 F~ L& NKS pc CL132' 
255 * 
256  Ft, Z) B~GIN 
257  =C ~ $ $ B~jr) Yk. ~ 
25R :C'  ~I SBCL CS )T" 
259 =~ ( CUff 
? 0 0  =A ( PL. ~,hKS ) 
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DIAGNq~TICS ~ID ~TATISTIC~ 

N~ FRRORS FOUND 

THE F.,']LL(IWING MACRO NAMES H,~V= B~N Fr]UND IN MACRP INSTRUCTIONS 
P, PFN PUT GEt CLnSE -.r~j r)TFCD DTFPR 

(]DTIONq FOR THIS ASSEMBLY - ALIGN, LIST, ~!nY~,C,'F, L.INK, NOPLD, ~q{l~'CK, N~DFCK 

THE ASS~MBLE~R W~S RU~ IN 65416 BYIF~S 
~NO OF ASSF. MBLY 

SALESM~.N SALA,ZY AND F:]NUS 

S AL E-~M~N ~MO UNT 
NUMBER SALARY SOLD B r~IUS 

i234 800 5C0 ~ 
1235 600 603 NO 
I236 400 8tO N~ 
1237 IO00 20C0 Y~S 
1238 1099 40~0 YZ$ 
qg64 0525 BOC~ Y~S 

200 


