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Sorting routines are often required as 
part of the software design for micro-
processor-based systems. This Techni-
cal Note provides several examples for 
implementing sort routines on the 
2650 microprocessor. These examples 
include routines for sorting single byte 
and multiple byte numbers, both 
signed and unsigned, in fixed or 
variable length l ists. The techniques 
demonstrated are the 'bubble' sort, 
the 'search' sort, and the 'linear' sort. 

BUBBLE SORT 

An easy way of sorting is to compare 
two of the listed numbers at a time and 
exchange them when they are not in the 
right sequence. One such sorting tech-
nique is known as the "bubble" sort. 
Bubble sorts normally take the longest 
time to execute. 

In a bubble sort, the last two numbers 
in the list are compared and exchanged 
if they are not in the right sequence. 
Then the next to the last number is 
compared with the number above it and 
exchanged if they are not in the right 
sequence. This process continues as 
each number in turn is compared with 
those above it. Each time a pair of 
numbers is exchanged, the order of 
searching is reversed (now going towards 
the end of the list), and the part of the 
list which has already been sorted is ex-
amined pair by pair until the larger 
number is in its proper position. The 
sort then resumes (in the original direc-
tion, towards the top of the list) at the 
point in the list where the larger num-
ber was found. This bottom-to-top land 
reverse order) comparison cycle is re-
peated until all the numbers in the list 
are in the right sequence. The execu-
tion time is proportional to the number 
of exchanges required. An example of a 
bubble sort is shown in Figure 1. 

EXAMPLE OF A BUBBLE SORT 

3 3 3 3 3 3"~0 

5 5 5*~ 0 0 0 ~ 3 ~ 

0 0 ~~0 ~~5* ~4 ~4 4 

6~~ 4~ 4 4 ~ 5~ 5 5 

4 ho 6 6 61 6 6 

Indicates places where exchange of 

numbers occurs. 

Figure 1 
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SEARCH SORT 
Another way of sorting is to search the 
list each time for the number with the 
largest value and then insert this number 
in the right place in the list. This sort-
ing technique is known as the "search" 
sort. First, all the numbers are tested, 
and the largest-valued number and the 
last number in the list are exchanged. 
The list length is then decremented by 
one, and the list is searched again for 
the next largest-valued number. This 
process continues until all the numbers 
in the list are in the right sequence, as 
shown in Figure 2. 

$ 

EXAMPLE OF A SEARCH SORT 

~ ~ 

--►3 3 

4 4 

5 5 

6 6 

NOTE: Shaded areas denote part 
of l ist searched during each 
pass. 

~ Indicates the largest number in the 
pass. 

Figure 2 

The execution time of a search sort is 
proportional to the list length. On very 
unsorted lists, the search sort requires 
less time to execute than the bubble 
sort. 

LINEAR SORT 
A "linear" sort consists of several pas-
ses. In each pass, the ►ist is examined 
from the bottom upwards. Two num-
bers are compared at a time, and the 
number with the larger value is placed at 
the bottom of the pair. Any exchange 
of numbers sets a flag. When a pass is 
finished, the program tests the flag and, 
if the flag is set, it clears the flag and be-
gins anew pass. The sort is completed 
when the flag is not set at the end of a 
pass. In some cases, linear sorts can be 
executed faster than bubble or search 
sorts. An example of a linear sort is 
given in Figure 3. 

EXAMPLE OF A LINEAR SORT 

3 3 3 I< <: 0 

5 5 ~ f2> 3 

0 0> Q 5 5 

$; ~. 4 4 4 

A 6 6 6 6 

Flag ~ 0 

Pass 1 

0 0 0 ~# 0 

3 3 ~ ̀ ' 3 

5 'S !4 ~' 4 4 
,~, 4< 5 5 5 

6 6 6 6 

Flag ~ 0 

Pass 2 

0 0 0 #I 0 

3 3 3 <3. 3 

4 4 4 4 4 

'_& 5 5 5 

$', 6 6 6 6 

Flag = 0 

Pass 3 

Figure 3 

REMARKS FOR SAMPLE 
PROGRAMS 

The sample programs below illustrate the use 
of the techniques described previously to sort 
various types of lists. The programs sort the 
numbers into ascending order by changing the 
test instructions marked with 'x' in the 
comment column from the Greater Than 

IGT1 to Less Than (LT) and vice versa. 

Figure 4 defines the symbols used in all of the 
example programs. Where multiple-byte 
numbers are to be sorted, the number of 
bytes, N, in a number must conform to: 
N = 2n, where n is an integer. 



DEFINITION OF SYMBOLS 

CiCi~i1 

41Gtt1 

L4t4t1 

>}~>f -t>f~~F~.+-~YW ki~t~~Y:Y:Y~k>Y~t:t~Y 

DEFIFJITIIJtJS OF SYMEOLS 
kEiiISTEk EC!l'rt1TES 

C~~_11=~ t~i:_i11C1 F~~i E(?U O k.EGISTEk O 
G161A5 Cil^x:11 l '1 EGtU 1 kEGISTEk 1 
i~I~G~F Cilit~ F'2 EG~J ~ kEGISTER ? 
~1~1%1 i' F'~ EC!U r REGISTER 
kit111 ; COFJDITION CODES 
t~iS114'a 111~C11 F EG:! I 1 FOS I T I1tE F'ESULT 
GIIl14i Ci(~tjG~ Z EG!U O ZEF'O RESULT 
CI►~11 i~l~i9 IJ EL!U FIEGRTIVE RESULT 
cal Ctt1t1'~ LT Efi~ I LESS THRN 
Cic~1 C~i~l~,~ En EnCI C, EG!URL TO 
I:it~'i~ 1=u~C1.1 I;T Ei!U 1 GRERTER THRN 
t_111'1 S t1S11.1 LMI E(~J _ I INCC IFID I T I C~tdRL 
1.11.11E FSW LOWER ECaIJRTES 
t~Ci1' C"@11th CiY Ef!II H'~4C4~ CC~FJDITIONFlL CODES 
I:ii~1~~ I_a=1?Ci IC~C. ECIU H`~~N' IFITERDIGIT C:RRF'Y 
~l1.14 C1Ci1C1 F'S, EI?U H'11~` 6'EGUTER BRFlF; 
1=1Cr~t_~ C1C1Gi;~ 41C EC!U H' CAE, ̀  1=tdITH l=WITHOUT CRRkV 
I.1'~21 Fii1CtQ OVF E6~ I H'E~' O~tEP..FLC~J 
~"t9? iiC~i~+ Ci X14 ECG I H'O~' 1=LOGIC Ca=RkITHMETIC CC~MPRRE 
i1t1':' Ci11t11 C' Ei;4J N'Cif` CRkk4':'E'ORRC IW 
'~C124 F'SW UPF'Ek Ei?l!RTES 
L111~C I.R~';it SEFI`~ EIS► H: YO. SEi,I ,̀E BIT 
t"Etch ;:i,:l~ii FLFN~ EI:!U H'4ti` FLt~~ BIT 
C+::'?' t3ir~ti1 I i Ei~U H` 21~' IFITER.RUFT INHIBIT 
C~tr CiCiFi~ EF EG!U H'~7' STFH:~k~: FOI NTEk 
t_111~4 +~ EFJ[_t OF EG!CiRTES 

FIGURE 4 

Program Title 

BUBBLE SORT FOR A FIXED 
LIST Unsorted list. 

The compare flag indicates if the num-
bers are signed or unsigned. 

COM=1 means unsigned numbers. 
COM=O means signed numbers. 

Output: 
Sorted list. 

Function 

This program sorts single-byte numbers 
(signed or unsigned) into their incre-
menting order. The bytes are held in a 
list with a fixed address and a fixed 
length. The maximum list length is 
256 bytes. 

Refer to Figures 5 and 6 for flowchart and program listing. 

Parameters 

Input: 

FLOW CHART FOR 

FIXED-LIST BUBBLE SORT 

ENTER 

Load pass counter 
R3 with list length -1 

LEN-1- .R3. 

Load index 
unter R2 

IR31 ~R2. 

1 
Number Indicated 
by index R2 to RO 

Inc index 
IR21 a1 —. R2 

Decreaze pass counter 

I R 31-1 --~. R 3 

C RETURN 

Figure 5 

0 

HARDWARE AFFECTED RAM REQUIRED (BYTES►: NONE 

REGISTERS 
RO 
X 

R1 
X 

R2 
X 

R3 
X 

R1' R2' R3' ROM REQUIRED (BYTES►: 32 

EXECUTION TIME: VARIABLE 

PSU 
F II SP 

MAXIMUM SUBROUTINE 
NONE NESTING LEVELS: 

PSL X 
IDC RS WC OVF COM C 

ASSEMBLER/COMPILER USED: TWIN VER 1.0 
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PROGRAM LISTING FOR FIXED-LIST BUBBLE SORT 

Tb! I H !iSSEt":BLEF: `:~ ER 1. =1 F'RGE NIL"9~ 

Lih,E H[?[?F: Q~.TE(:T E E.!j'_!Fi~E 

t_+i~_ 
41?' 

C~it~ r '. 
i~La_.~ 
i~i_i=; 
y(~_ S 
l'fL~j_ i 

Liii-: ; 
L_i49_~+ 
L=1Gi:}L~ 
fjL=/rl~y 

iMJ4 
L:isj:} <: 
Gr=#~~ 
t~t_id~ 

ilki~ % (it_tijGi 

Ftiid~; L~+5t4C4 

C4L_1Q~y tt`L_i_ 

Lj~i~t'j L~_~F14 
L1t_i`~ li~`_i~ ~; 
Ni^` y_1=LaH 
FiGi~~} 
~;~L:tc~ biSl~i' , 

:1_ 

'4L_t~= 1,c1_ 

11:,ir.ij L Jl 

t=iL_i_,~ t_+~y~~ 

i+L_ii,= L~,1[~ 
L_i!_ir::~ `_i51F 

kjiir,` 

~4!1F,ti 
41L_i _.'• 

L"gly ,0 

(44'~i1 Y1L]'YF; 

L=n;,t'~ 

(:i !_ 

Yi_ 

G 
raEF,e,L_g_i 

EEr`FF 
'~H1i 

i_ 1 

AE~:`FF 

41i 

!_~,_ ~~F 
[iy'?rs 

Er,t=,; 
~_~_, 

F E:~. 
1' 

E'IIEE~ E E(,GT FnR. FIk:EC' LIST 
A:•k:Y.' y.`k: s:+.~l !}.:$:}:'k:+ $:;!;:kf $=`k~+'k't# ̀ k~k~k%k~k:k:{::«y:,1:'F':+:$::y.Ac`k 

+~ THIS F'F°i!rF:H!'! t(IATE H LIST OF ' INiiLE—B4'TE ha!Jh1~EF:5 
ItiTia THEIR Ihii_REh'Eh1TIhI' i!F:G'ER. 

~~ THE LIST HN: N Fr'Ei? LEhiI~TH t#~iC' H FI;EC' FIG±[1RE'SS. 
~: THE t'~R':{Ih~L!!'1 LIST LEh;GTH I= ~~E, E~4`TE=. 
~' UF'i'hI ENTR=' Tlj THI'= _, L!E;F:(!L!TIhIE: THE i'Gt4FHRE FLH!:i 
+ Ihd^Ti'aTE'= IF THE hi!1{gE;EF:'=~ TU E~E OF:TED 

+: !=+'ht=1 I1Et'td5 i!M_IfhiE[> ~.Ilit1E~ER,. 
A~ !_11Ln_{~ 

R1EN~i'- ri;_,.ic{' ~"i:'_IhiE~ER~. 
a: 

'1Ri H'4L_nj' S'RTIhI?J S~IIE.Ri!UTIhtE 
Sf!RT L ~![?I: k ! Ehj—i ! i~Nr; F'HS_ I:CIi!hiTER F: 
F'NE= Li!I=~ R Li!KD IhiC'E`{ F:~ 

=TRH R 
Li!i'~' L!r'N; F:ii LIST, F:? Li~HG FIF°T tdi!h1BEF: iFI Rii 

i:IjMH, FYI LI=:T-1. F:~ i:ilh;f'HRE t'1ITM SECGhi[~ I!!Jh1BER 
E,iFF:; L T LN= # E~R~>i+=H IF THE hiL!`'1°EF'= HF:E IN 

~ ';HE F:iGHT SEC~!!Ehi~=~ 
STF:~ F:i E:'~:!:H;!td!1E THE Ttdi! h~tME'ERS 
Lii['H~ F'~? i iST —i~ F'~. 

=TRH, ~w_, Li ~T, R2 

E'iNF°, R~ ~+'~ Ihli:F'Et'IEPiT Itd[?E:~, 
+Q'ti, Rc LEPi i~rtP1RE Itdi'E;` tdITH lEhiGTH 

E!FF:, E!? Li'i'F' E'~:!'tl.:H IF PNS ~ h~ilT F:EH[?4' 
L"±r cr;c~F~,F:= Pr'='= (;F:Hh'+H iF '=i'G'~ tii,T F.EH[~'r _ L'~:... ~. I.J l.. JJI'. 1 

RE T C. ! Ih1. F'ET' !F'N T~ ! h1H I h! F'F:i niF:h;t9 
'F 

LEH 
LI_=T 
~~ 

CIF:j 
EI;!i i 

RES 

N''r k~t~' 
~G+L~t 
LEti 

EhiU IjRT 

Tr~THL h'S'=E!"E.L 4' EF:F:i!F:S = IjiaLjFi 

4 

Figure 6 

! ITT 
LEhi6TH C+F THE LIST 
H['['RES= OF THE LI57 



Program Title 

SEARCH SORT FOR A FIXED 
LIST 

Function 
This program sorts single-byte numbers 
(signed or unsigned) into their incre-
menting order. The bytes are held in the 
list with a fixed address and fixed length. 
The maximum list length is 256 bytes. 

Parameters 
Input: 

Unsorted list. 
The compare flag indicates if the num-
bers are signed or unsigned. 

COM=1 means unsigned numbers. 
COM=O means signed numbers. 

Output: 

' 1  Sorted list. 

~~ 

Refer to Figures 7 and 8 for flowchart 
and program listing. 

FLOW CHART FOR AFIXED-LIST SEARCH SORT 

Load R3 with list 
length minus 1. 
LEN 1 ~ R3 

Exchange actual 
largest number and 
last number of 
actual list. 

Decrease actual list 
length. (R31~1 ~R3

IRo1 
number indicated 

by index 
R2~ 

HARDWARE AFFECTED RAM REQUIRED (BYTES►: NONE 

REGISTERS 
RG 
X 

R1 
X 

R2 
X 

R3 
X 

R1' R2' R3' ROM REQUIRED (BYTES): 32 

EXECUTION TIME: VARIABLE 

PSU 
F II SP 

MAXIMUM SUBROUTINE 
NESTING LEVELS: NONE 

PS L 
CC 
X 

IDC RS WC OVF COM C 
ASSEMBLER/COMPILER USED:  TWIN VER 1.0 
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PROGRAM LISTING FOR FIXED-LIST SEARCH SORT 

TIJIN HSSEMBLEk !rER 1. 9 PAGE 9982 

LINE RDDk OBJECT E SOURCE 

00.1 

09-` * ~EAkCH SORT FOk R FIXED LIST 
--- -t111~r, yi~kV<'k''k#"k'€i4~~Y#:~k:4::k'k#*~Y#~':k~k~F##t##~A#*~k* 

c~i,=? +THIS F'F'OGkhIM SC~'TS A LIST CIF SIFh3LE—BYTE Ffl.R1BER5 
C!9'S + INTO THEIk INC:kEMENTIFIG Ok[:~Ek. 
99?9 1 THE LIST HAS A FIXED LENGTH RF![? R FIXED ADDRESS. 
004C! ~ THE MRXIFN_m1 LIST LENGTH IS 2'56 BYTES. 
0941 +~ UF'OFJ ENTF'4' TO THIS SUBRCb!TIF~, THE CCIMFARE FLAG 
9842 ~ INDU=RTES IF THE FIUMBERS TO BE SC~?TED 
0043 ~ RRE SIGNED OF' L~NSIGFIED: 
9844 + CC!M=i MEAFL LINSIGFIED t~~EkS 
C!045 ~ COM=B MERFIS SIGFIED FJUME~ERS 
0946 + 
i994? NI~aG tjEY H~Sc~~- SC~tTIFA3 SUBF.OIJTINE 
Eag45 Cigi~0 11?C? SOFT LODI, k3 LEFI-1 LORD ACTUAL LIST LENGTH IN k3 
0l",4y C!592 0=' RASS LCtL+Z k= LORD INDEX R2 
0Ci 5Ci 1950 % C2 STkZ k2 
19[!51 0504 0~ SLEC LCtD? k2 INDEX OF LARtiEST Nl~'IBEk TO R1 
0952 0505 Ci STR? k1 
005s 0506 0D66~0i9 LCtL~R, R0 LIST, Ri LCM~~ PRESENT LARGEST NUM~k IN k9 
0854 0505 5R0E LOOP' BRNR, R' CC~1P BRAM:~H IF PASS NOT READY 
Ca955 05C~E~ C' STk2 k2 EXCHANGE LAf?I~ST FN_N'IBER WITH 
111156 C!5C!C 0F6680 LODA, k0 LIST, R~ LAST FdJMBEk IN RCTI~iL LIST 
005? C159F CC~6~690 ~.TkA, R8 LISL Ri 
C!05E~ 8512 92 LCt[+? R2 
0955 051:: CF66C!0 STF'H, k9 LISL k3 
t_M6tj c~51r_, FB6A B[:~F'k: k' PASS DECPEASE ACTUAL LIST LENGTH, 
C~C!61 ~ BRRFII:H TO NEXT FRSS IF 
iti~r,2 ~ LENGTH NOT 2EkG 
006= C!5i~ 17 kETC,IMI F'ETURN.TC~ MAIN FROGkRht 
i141~,4 0514 EE469C! C:OMF COt'1R, R0 LIST, F'2, — I~~MF'RkE FIUMEfR iJITH F'RESEFIT 
0c,5 + LARGEST NLfMEER CAF LIST 
91=!66 i±`1C 4RrB BCFk, LT LCn=tF' N BFRNCH FOk FIE~(T FN_IMEfk 
c»9F.? C151E 1864 Birk , ~_RJ SLEC E:RRFICH IF NEW NUMBEk IS LRkCiEk 
i~c,~ ~~ ~ ----
Fti16,? 

0f+?c+ 
1107? 1 

i# B:i~F t•~ V VGA ~k# i#i>F i 

+ SC~'TIFUS LIST 
t:r~~r~i.~'t~F.g:y:*#~V~t#i#* 

0:,?2 c~520 OkG H~680' LIST 
t:+0? < 00C" LEN E'~U 200 LENGTH OF THE LIST 
190? 4 C!60t=+ LIST F'E'_ LEN ADDRESS Ctf THE LIST 
191? < <i501j EFL SOkT 

TOTAL ASSEMBLY EkkCtFS = 0000 

Figure 8 
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Program Title 

BUBBLE SORT FOR A 
VARIABLE-LENGTH LIST 

Function 
This program sorts a list of single-byte 
numbers into their incrementing order. 
The maximum list length is 256 bytes. 

Parameters 
Input: 

Unsorted list. 
R1 contains the high-order address of 
the list. 
R2 contains the low-order address. 
R3 contains the list length minus 1. 
The compare flag indicates if the num-
bers are signed or unsigned. 

COM=1 means unsigned numbers. 
COM=O means signed numbers. 

Output: 

Sorted list. 

Refer to Figures 9 and 10 for flowchart 
and program listing. 

FLOWCHART FOR A VARIABLE LENGTH LIST BUBBLE SORT 

ENTER 

v 
Store fist address in 
ADR and ADR+1 
IR11 —y ADR 
(R2) ~ ADR+1 

$tore list length 
s 1 in LENG 

IR31 —~ LENG 

Load index 
counter R2 
(R3) —+R2 

Number indicated 
by index R2 to RO 

IR01 next 
higher positioned 

number 

Exchange numbers 

Increase index 
(R21+1 ~R2

Pass ready> 
I R21=bst 
length-1 

Sort ready? 
IR31=0 

Figure 9 

HARDWARE AFFECTED RAM REQUIRED (BYTES►: 3 

REGISTERS 
RO 
X 

R1 
X 

R2 
X 

R3 
X 

R1' R2' R3' ROM REQUIRED (BYTESI: 40 

EXECUTION TIME: VARIABLE 

PSU 
F II SP 

MAXIMUM SUBROUTINE 
NESTING LEVELS: NONE 

PSL 
CC 

X 

IDC RS WC OVF COM C 
ASSEMBLER/COMPILER USED:  TWIN VER 1.0 

7 



PROGRAM LISTING FOR A VARIABLE LIST BUBBLE SORT 

TWIN HE'Eh1FLER ';~'Ek 1. Ci F'HGE i~s~s=r 

LI"!E H[''[''k " EJECT E SC±'~!F7_E 

1111= ~ ~: }::}:•}::}::{' k# ~F"~"~-,}{. { ~..i..{.}.,}..}..{..k:{'~ ky } ̂Y~F'~F, ~4~'k`k'k-~Y 

sJCt;~ :}: E`IE'E'LE S~+F:T F+:Ik '~lHk.IABLE LI=T 

C"s=1'' * THI"~ F`F'i±±~F°Hh1 EC+FTS H LIEN OF ~IFIGLE—B'iTE h!!Jt'?E+EP..~ 
stt~3_; :} I'lTC+ THEIF: IFICREP1EFlTIFIC~ OR[~Ek. 
ttsia #: T!iE FI[?[,kEE,_ ti"![~ THE LEhl;;TH C±F THE LI{T hNJET EE 
€~tasa ~} I?EFIhl~[~ IF! THE M+iIN PF:~~GRFiM. THE t4A4;IMl_!M LIFT LEN+3TH 
~_ts~t+,1 {: I E ~`E~ E'YTEE~. 
s_tsj~"_ :~ !{F'~±►.! EFITkY T~~ THIE E~l►E'RC i±ITiNE, THE CC+hIF'HRE FLRG 
Cts^4 <: +~ IpIr;ICHTEE IF THE p!i!!4E:EF:'= T+~ BE SG'kTE[? 
snta4 ~ tikE EIGFlE[> 'F' !Ih,''_U~!dEC~: 
Cis_t:I` y: + C +rt=1 t°iEf ;"!5 ! !tt I' "!E[:~ FIL~'IBEkS. 
s_iCi:}f, :} ;_rlrt=st MEHh, .SIC;"!E[; FlUt9EEk5. 

cl{
ts9~4 s_t4Fs~ RC?F: F:EE, ~ H[.:C,kEcc ±~F LIET 
sj~:t5s=1 s_^~F~ LEFh~ F:E'E ~i LIET LEN+NTH MIP!!JE 1 
(_it_1~1 .r 

t_i{=1~.~ s:1~F': C+F?i H" `NIJ' `_•C+F:TIFN~ E!_!HkI~UTIPlE 
s1t_i`_ s~`t~i~ C[~si4Fs_t E.OkT STRH: k1 A[}F' ETOkE HIGH C±kC~ER 1~?[.~F.EtiS t~ 
►_tc+`~} y THE LIET 
s_+s~;~ ct~c~r. CEC1~Fi ETFr, k~ H[?k+i ;TOkE LOW uk[?Ek FI~G~k.EJJ 
Ci}_`~ sjEs~>=, C;FC'~F~~ STkli: k_ LEN~~ STC+kE LIwT LEPIGTH MINUS i 
sjs~,~ C~SCr? FE~s=1s_t FFISE BC~F:F:: F: ~+~ GE+:kEMENT FASE. l":I~UNTEk 
c._,~E; O~sig s~i LO[?~ F: LORG~ IFtC~Ev 

tsF,s=t Ct<t[? t~1EE1Fst ll7i~F' LO[~H, F:i~s ~+-F![?F; F:~:' FETCH FIkST t!!JME+ER 
C'_tE.1 s5~yst EErtF'_ CCiMH, kid +:Fi[>k: F:2: + CLt4FRkE WITH SECOFt[? NUME?EF: 
CtsiF.~ s`1 `±'?1►:t BCFF', GT L?++: # BRHNCH IF THE F~_N4BER{ HF:E IN 
►='9E.~: +~ THE kIi~HT tiEC!!!EFIC:E 
siGir.4 E4`•i j C1 E~.+:H STk~ ~`1 E~CI'.RFbsE THE TI~t1 FNR4E:Ek5 
sis_tF.S s~`1F. s9EE4FO LO[?H: F:Ct +:H[~k: k~ 
C+CIE.E ~`•' a i~EC:4R~ S T F:H, Fad +HC~F, k~, —
s=1Gir.? s?~yC C11 LC!C'~ k1 
:t~F;~ ;s=1`1C~ GEA~FC! ETky, Rs~ :.t:H[?F.:, k~, + 
s_is9r_._? s`~~C'+ EEst4P~ C~?M!~i: F:~ LENG CC+t~F'HkE r:k"~i WITH LENGTH 
s_tC~t?[~ st5~= `+±'~a:' E'CFk, Ei,! LOCH BkHFiCH IF FRES FtOT kEHt!Y 
s=ti;; g s?Er~S ~E;E.~ Lri+= E'F:Ftk, F:_ F'N=`~ EF'AFIL"'H IF =!~±kT Nt1T k.EFtDY 
sty+'~ '~`'~ 1' F:ETC, IIF! kET!!kN TC+ MHIN F'kCsGk!iM 

iota; :# s~~s_n~ EPt[? SOkT 

TOTF!L F'_~~EMF±I-' EkF'i~F:E = ktt_a_tsJ 
Figure 10 
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Program Title 

SEARCH SORT FOR A 
VARIABLE-LENGTH LIST 

Function 

This program sorts a list of single-byte 
numbers into their incrementing order. 
The maximum list length is 256 bytes. 

Parameters 
Input: 

Unsorted list. 
R1 contains the high-order address of 
the list. 
R2 contains the low-order address. 
R3 contains the list length minus 1. 
The compare flag indicates if the num-
bers are signed or unsigned. 

COM=1 means unsigned numbers. 
COM=2 means signed numbers. 

Output: 
Sorted list. 

Refer to Figures 11 and 12 for flow-
chart and program listing. 

FLOW CHART FOR VARIABLE LENGTH LIST SEARCH SORT 

ENTER 

Store list address in 
ADR and ADR+1 
(R1) —~ ADR 
(R2) ADR+1 

0 

load index 
counter R2 
IR31 ~R2.

Index of actual 
largest number to R 1 
(R2) ~ R1 

Actual argent 
number to RO 

Exchange actual 
largest number and 
last number of 
actual list. 

IRoI < 
number indicated 

by index R2? 

Figure 11 

HARDWARE AFFECTED RAM REQUIRED IBYTESI: 2 

REGISTERS 
RO 
X 

R1 
X 

R2 
X 

R3 
X 

R1' R2' R3' ROM REOUIRED IBYTESI: 36 

EXECUTION TIME: VARIABLE 

PSU 
F II SP 

MAXIMUM SUBROUTINE 
NESTING LEVELS: NONE 

PSL 
C'(C IDC RS WC OVF COM C 

ASSEMBLER/COMPILER USED: TWIN VER 1.0 
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PROGRAM LISTING FOR A VARIABLE LIST SEARCH SORT 

TtdIhJ ASSEMBLEP +.~ER 1.N PAGE iaOy2 

LIME AD[~F' OBJECT E =a11_Ipf:E 

(+C' <1 ~ 

aO~S * SEARCH SCIRT FOR ~iF~?IRBLE LIST 
t~+F *x~~:r ~*~ ~r ~r~~~ ~v~vx~r*r~vr. v ~r~w***~** 

0H?? +THIS PROf~?AM SORTS R LIST OF SINGLE—BYTE FNJMBEPS 
qC+35 +~ INTO THEIR IFh~REMEhJTING C+RG~ER. 
E~3'y *THE R[~DRESS RND THE LENGTH CIF THE LIST MUST BE 
81340 ~ DEFINED IN THE MAIN F'ROf,1~1M. THE MAXIh~IM LIST LENGTH 
@E+41 * IS 25E, BYTES. 
C~42 * UF~]N ENTRY TO THIS SUBRCILITIFJE, TFiE COMPARE FLAG 
C+Ct4? # INDICATES IF THE Fd_IhIB~ERS TO BE SOP.TED 
Cv'344 ~ ARE S I GFJED OR UhJS I GNED 
Eu945 +- COM=1 MEANS I_IhJSIGNED NUMBERS. 
C+94E ~: COM=H MEANS SIGtJED FNJMBERS. 
l~84? 
CtCt4~~ yt~iti+ CIE'G H'4FQ' 
+9ta4G O4FO ACS+ RES 2 ADDRESS CIF LIST 
(>E~St~ t 
C~=+`1 t~4F0 C~'G H'gpL' S,ORTIhJG SUEROUTINE 
X952 d`Ot3 CD04F0 SORT STAR: Pi RDk STORE HIGH C~P[~ER RUGRESS CIF 
C+HS_ * THE LIST 
111154 t~`HZ CEO4F1 STRR~RZ ADR+1 STORE LOW OFDEP, RDDREcc 

61355 +3?p6 i, PASS LCIDZ R? LlM3D IFJDE}, R'Z 
C+C+55 C+Sl+? Cc STRZ RZ 
C+t35? I~5C+8 02 Mft,;N LL~Z R2 INDEX; OF LARGEST FN.JMBEk TO R1 
Ca35>= C+g(i9 Ci STRZ R1 
t365q 656A 6[?E4F6 U~~H, RH ~A[~+, R1 LOfID PRESENT LARGEST hJUMBEk IN Rb 
i~CtEl+ 056D 5A6E SRCH BRFJR, R2 CC+MP BRFIFJCH IF FYiJJ NOT PERD4' 
66f1 656E C: STRZ R2 Ek~i:HF~JGf LAF.GEST NUMBER WITH 
E~36Z C+`1C+ @FE4R:v LCIG~I, R0 +A[~'~ R3 LAST hJLK1BEf<' IN RC:TIJRL LIST 
~ar:,~ 651s CGE4F6 S~TRFl• R© *ADR: R1 
6654 651E 62 LODZ RZ 
6.Ct,S 651? CfE4F6 STRAP R6 +RDA: R= 
RRr":F t=t~iR FBFA BDRR,R'. PASS DECREASE ACTUAL LIST LENGTH, 
i9i~f,? r BRAMGH TO tdE`;T PASS IF 
t=vt3fg + LENGTH NOT ZERO 
66c9 C•51C: i? RETCH lMJ F'ETI~tJ TO MAIN PR03RF~9 
I~3?6 6`iD EEC:4fA CC+"~' COMA: PH *RL~:, R.~: — COMPARE Nl~1BER IdITH PRESENT 
EtC+?1 + LARGEST NUMBER CAF LIST 
lFi?'~ i1g~~ 9RF,g BCFR, LT SP.CH M BRRFJC:H FGR FIEYT NUMBER 
66?=: C+S:''. iBF4 BCTR: UFJ MAYFJ BPHFb_H IF hJE41 FNJt1E:ER IS LR('GER 
~~ C+?4 
t?ta?5 6566 EFJD SORT 

TOTAL ASSEMBLY ERROF'=• = yEvC+O 

Figure 12 
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Program Title 

LINEAR SORT 
SUBROUTINE 

Function 
This program sorts multiple-byte num-
bers (signed or unsigned) into their in-
crementing order. In this example, the 
list contains 64 four-byte numbers. The 
list has a fixed starting address and a 
fixed length. The maximum list length 
is 256 bytes. 

Parameters 

Input: 

Unsorted list. 
The SIGN flag indicates if the numbers 
are signed or unsigned. 

SIGN = 0 means signed numbers. 
SIGN = 1 means unsigned numbers. 

Output: 

Sorted list. 

Refer to Figures 13 and 14 for flow-
chart and program listing. 

FLOW CHART FOR LINEAR SORT FOR MULTIPLE-BYTE NUMBERS 

C RETURN 

ENTER 

Q 

Initialize: COM = 1 
logical compare 
WC = 0 without 
carry 

Set READY fl 
(R 11 

Is sort ready 
READY=O? 

Set index R3 to the 
end of the sorting 
list ~ , 

Clear READY flag 
IRf). 

~'m~rs 
SIGN=O? 

Clear COM flag 
arithmetic com-
pare 

Dec ent 
indexmR3 
(R31-WLEN+R3 

Is vass ready 
IR31 0? 

Load RO with fint 
byte of number ad~ 
dressed by index R3 

RO) > first byte 
of numce addressed 

y IR31-WLEN> 

IROI < first byte 
of number addressed 
by IR31 -WLEN? 

Set COM flag 
(logical compare) 

Load R2 with IR31 

Compariso 
of the two numbers 

completed 

load RO with nezt 
byte, add eased by 
R2. 

RO > miler 
byte, addressed by 
R21-WLEN? 

RO ~' miler 
byte. addresseJ by 

IR21-WLEN? 

Figure 13 

Ve 

Store IR31* WLEN 
in LAST 

Load RO with first 
byte of number 
addressed by index 
R3. 

Save byte of RO in 
R2 

Load RO wrth 
~mdar byte of 
umber addressed 

by IR31-WLEN 

Store byt of RO 
miler place 
tuber adressed 

IbYnR 3 

Fetch saved byte of 
R2 in RO 

Store byte of RO ~n 
miler place i 
umber addressed 

by IR31-WLEN 

Inc an[ index R3 
IR31'7 —+ R3 

Is exchange ready 
R3=LAST? 

Decrement index R3 
(R31-W LEN ~R3 

Set READY flag 

HARDWARE AFFECTED RAM REQUIRED IBYTESI: 2 

REGISTERS 
RO 
X 

R1 
X 

R2 
X 

R3 
X 

R1' R2' R3' ROM REQUIRED IBYTESI: 89 

EXECUTION TIME: VARIABLE 

PSU 
F II SP 

MAXIMUM SUBROUTINE 
NESTING LEVELS: NONE 

PS L 
CC 

X 
IDC 

X 
RS WC 

X 
OVF 

X 
COM 

X 
C 
X ASSEMBLER/COMPILER USED: TWIN VER 1.0 
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PROGRAM LISTING FOR LINEAR SORT FOR MULTIPLE-BYTE NUMBERS 

TWIN RSSEMBLEk YER 1.0 PAGE 6992 

LINE RDDR DEJECT E SaJkl'.E 

9931 # 
~?2 ###########################M# 

L#~33 # PD?6E~64 # 
9934 ######################t###### 

9935 # LINEAR SORTING SUEPOUTINE # 
X36 ####################M#f ##### 

TWIN RSSEMBIER VER 1.0 PAGE 0003 

LIFff ADDR OBJECT E SgA~'CE 

9086 051E SR16 ECTR,LT EXCH t IF LT, EXCFtihMf NUMBERS 
9087 0521 7782 PPSL Cbhl LUGICRL CONPRRE 
9688 8523 93 LODZ R3 STORE IF✓DEX R3 IN R2 
8089 8524 C2 STRZ R2 
8999 8525 ea9a NEXT RDDG R0 WLEN TEST RFID BRPNCN IF COMPARE 
8991 0527 E2 COIF R2 OF BOTH FKJMBERS IS RERDV 

8937 * THIE PRLA~'NM ~•~TS R LIST OF MULTIPLE-BYTE NLRiQEPS 8992 8528 1862 BCTR,EO COMP 

0838 # INTn IFICREI'ffNTING i~FDER. THE MRXIhMJM 8893 9528 9E2600 LODR,RB LIST,R2 + LOPD R0 WITH NEXT BYTE OF 

98's9 # lX1MBER OF BYTES CAF THE LIST TO BE SORTED IS E~94 # NUMBER, (IDDRESSED BY R3 

9049 # 255. THE START ADDRESS OF THE LIST IS H'688'. 0895 85~) EEESFC LlRM,kB LIST-WLEN,R2 COMPARE WITH SIMILfP BYTE 
9941 # THE FlUMBER OF BYTES IN EACH FNIMBER IS VAkIR~E, ~% # OF NEXT NLMBEk, ADDRESSED BV 
9942 # BUT IT h~JST BE R POWER OF TWO. IN THIS CASE 980? # R3-WLEN 
9943 # THE LIST COFLISTS OF 64 hd1FffiERS OF 4 BYTES EACH. 0998 05?0 1958 BCTR,GT COMP t IF GT, CONTINUE COMPAkING 
0944 + UPON ENTRY TO THIS ROUTI6E, Tiff SIGN FLAG INDI- BB99 NEXT TWO NLMIBEPS 
9945 # CRTES IF THE FRIMBERS TO BE SORTED RRE 0108 9532 1803 ECTP..LT EXCH t IF LT, EXCHANGE MIMBEkS 

9945 # SIr~D OF LMISIGFIED: SIGN=B MEANS SIGNED NlA1BER5 0181 8534 93 L002 R3 

994? # SIGN=hNJT 6 F1ERN5 ltf5•IGNED FHJMBERS. 8102 8535 166E 6CTR,UN NEXT CONTIMJE COMPARING NEXT 

9948 # THE ORDER OF SORTING CRN PF CHANGED FkCt1 f41 8183 # SIMILAR BYTES OF NUMBERS 

0949 # INCREMENTING OP.GER TO R L~ECkEMENTING ORDER BV 8184 9537 8_'• EXCH LUDZ R3 STOP INDEX (~ NEXT hAt'BER 

9959 CHANGIM3 THE II~TkUCTIONS MRW.ED WITH 0185 0538 8484 RCOI,RO N_EN IN LAST 
Q951 # R t. THE GREATER THAN (GT) TESTS MUST BE 8186 853A CC84FE STRR,PB LAST 

LIt+52 # CHANGED Tn LESS TFIRN tLT> TESTS RND VICE VERSA. 8107 B53D 8F6508 EXCi LODR,RB LIST, R3 EXCHRNCff SIMILAR BYTE OF 

995? # 81~ 8540 C2 STRZ R2 BOTH fMJF16ER5 
8954 00~ ORG H'4FE' 0109 8541 0F65FC LODR,RB LIST-WLEN•R3 

995` 04FE Lf~T RES i MEMORY LOCATION I~EiICH SRYES INDEX 0118 8544 CF5690 STRR,RB LIST, R3 

N956 # OF NUMBER WHIr_.H FOLLOl~ NUMBER 8111 8547 02 LODZ R2 
99`7 # ADDRESSED BV k'< 8112 0548 CF65FC STRR,P6 LIST-WLEN,R3 

9058 94FE SIGN RES 1 SIGN FLAG: SIGN=9 SIGFffD FIUMBER 0113 0546 D609 BIRR,R3 f+2 INCREMENT INDEX R3 
9955 # SIGN= NUT 0 ItISIChffD NUFffiER 0114 054D EF84FE COMw R3.LAST TEST RND BRRNCFI If 

9959 # 0115 8559 9866 BCFR,EO EXC1 EXCHANGE IS FlOT RERLW 

0661 95~ ORG H'EkH' 0116 0552 R784 SUBI,R3 NLEN PESET IFAEX k3 

9982 9199 LEN EQU H'109' LENGTH OF SOP,TINti LIST 8117 8554 BSFF LODI,RS H'FF' SET PEFDY FLAG 

L~36= 0E•99 LIST kE5 LEN SOkTING LIST 8118 0556 SF85~' e~rw uN coFIP CONTINUE COMPf~IM; NEXT 

rJ054 9994 bffEN EG~J 4 WORD LENr1TH IN BYTES 9119 TWO NUMBERS 

085`_ # 8128 

99F•5 # 9121 0508 END SORT 
i~HF.7 R'•NI~ ORG H'.~3' 
9958 9569 7?92 SOkT PPSL CDfl LC~iICF~ COt't'RRE TOTAL ASSEM6I.V ERI+CK?S =0008 
1+969 8592 751x$ C:PSL NC buTHOIiT CRFRY 
i~f~7i+ 9594 95FF LODI,R1 H'FF' SET RELY FLAG 
99'1 9596 91 PASS LL1DZ F'1 TEST AN[? FfTl~k11 IF READY FLAG 
9072 9597 14 kETC,Z IS NOT SET 
ri97' 959."• 9?09 LDUI,P3 ?LEH LORD INDEX R3 
9874 959R 9`99 LODI,RS 99 CLERP PEPA4' FLAG 
997` 9591 9C94FF COMP LOCfl,R6 SIGN TEST SIGN 
68?c• r1X~F 9692 grFR,'_ COMi SIGN= NUT 0, INISIGNED NUMBEk 
C#+?? 9511 ?592 CPSL CCt1 SIGN=B, SIGNED FlIN'IBER, CLEAR COM 
06?8 u5L' R?64 COMS S~RL F3 WLEN UECREMENT INDE}; k3 
69?9 9515 185E BC:TP.,Z PASS TEST RND BRANCH IF FRS•S kERDY 
9989 9`17 C+F559a LOC~R!R0 LIST, R3 LORU P9 WITH FIR_:T BYTE OF 
t~81 # hdJMBEk RDURESSED 6V R3 
i~382 9518 EF65FC COMR,k9 LIST-WLEN,P,3 CUMPRRE WITH FIRST BYTE GF 
998'. # NEXT NIMIBEk, RDDkESSED BY 
9984 # R_'-WLEN 
11118;, t~S1D 1974 EC.Tk,GT COMl t IF GT, CONTIFII~E UJMF'FIRIFIG 

Figure 14 
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Program Title 

SEARCH SORT 
SUBROUTINE FOR A 
FIXED LIST 

Function 
This program sorts multiple-byte num-
bers (signed or unsigned) into their in-
crementing order. In this example, the 
list contains 64 four-byte numbers. The 
list has a fixed starting address and a 
fixed length. The maximum list length 
is 256 bytes. 

Parameters 
Input: 

Unsorted list. 
The SIGN flag indicates if the numbers 
are signed or unsigned. 
SIGN = 0 means signed numbers. 
SIGN = 1 means unsigned numbers. 

Output: 

Sorted list. 
Refer to Figures 15 and 16 for flow-
chart and program listing. 

V 

FLOWCHART FOR SEARCH SORT FOR MULTIPLE-BYTE NUMBERS 

ENTER 

Initialize: COM = 1 
logic compare WC = 
0 without carry 

Preset index R3 10 
the end of the list *1 

Set index R1 

aR2) ~R1  (Index 
dual largest numuer) 

Save index of 
m bar following 

actual largest 
number in LAST 

COM = 0, ardh 
menc compare 

Load RO with first 
byte of a tual 
largest number. 

Decrement R2'. 
IR21-WLEN ~R2

Ise arch 
r ady7 

RO first 
byte of number 

addressed by 
R27 

RO first 
byte of number 

addressetl by 
R2? 

Save R2 
(R2) --SAVE 

Set COM flag 
(logic compare) 

Comp r 
of both umbers 

mplete 
c IR11= 
LAST 

Load RO with ne 
byte of actual 
largest number 

(R01= imilar 
byte of number ad 

dressed uy R27 

(ROI - milar 
byte of number ad 

dressed by R2 

load R2 with saved 
index SAV E 

Load R1 with saved 
index LAST (numcer 
following actual 
largest number) 

Decrement R 1; 
IR11-WLEN -+R1 

Load R2 with saved 
index SAV E 

Figure 15 

Actual last 
mbar=actual 

largest number 

Load RO with byte 
of actual largest 
number 

Store RO in R2 

load RO with 

acmilar byte of 
tual last number. 

Staocree RO in similar 
pl in a Nal 
largest number. 

load RO with saved 
byte of R2 

Store RO in similar 
place in actual last 
number. 

nt R1 and R3 
(R 11t 1e—~R1 
IR31*i —. R3 

Is exchange ready 
(R t I=LAST? 

Decrement index R3 

(R31-WLEN ~R3 

HARDWARE AFFECTED RAM REQUIRED (BYTES►: 3 

REGISTERS 
RO 
X 

R1 
X 

R2 
X 

R3 
X 

R1' RZ' R3' ROM REQUIRED (BYTES►: 106 

EXECUTION TIME: VARIABLE 

PSU 
F II SP 

MAXIMUM SUBROUTINE 
NESTING LEVELS: NONE 

PSL 
CC 
X 

IDC 
X 

RS WC 
X 

OVF 
X 

COM 
X 

C 
X ASSEMBLER/COMPILER USED: TWIN VER 1.0 
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PROGRAM LISTING FOR SEARCH SORT FOR MULTIPLE-BYTE NUMBERS 

TWIN RS._EMBLER V'ER 1 5 PRC>E 0052 

LINE Fi~OR OP?ECT E SgRCE 

00+31 
50_'2 
093_' 
6034 
Bi+35 
9936 
5037 
~z3 

8539 

0945 
5841 
5842 
094< 
5544 
5845 
5946 
5947 
5948 
8849 
[{155 
5851 
9952 
885_'• 
88`_4 
k?8S5 9895 
8955 64F5 
5557 
5558 04F1 
9959 54F2 
5965 
E*361 04194 
0962 
866' 04F3 
~4 5109 
0865 5600 
98t-i6 
9067 
0068 9700 
0569 8588 7782 
8078 8581' 758? 
0071 0504 8700 
+31372 9506 R764 
5973 
E4+74 5596 14 
8575 0584 63 
9576 050R C2 
0977 5500 02 
5078 0590 CS 
0979 Cf.+OD 8494 
H535 858E Cc54F2 
0931 
N932 
093= 0512 5C94F8 
8894 8515 9882 
883`.. 8`17 7502 

14 

e 
#t######*#########*######s#### 

# PU750565 # 
###t##Mi###########k#M###### 

#SERPCH SC~FTING SUBRROUTINE # 
##H###########tH########RM# 

* THIS FRC„3RRM SORTS N LIST CIF MIITIPIE-BYTES NUMBERS 

# INiO THEIR INCREMENTING ORDER. THE MRXIMUM NU18ER 

OF BYTES IN THE LIST TO EE SORTED IS 256. 

# TFIE STRRT RDDRESS OF THE SORTINr LIST IS 680. 

# THE NUF~Ek OF BYTES iN EACH MkRER IS VRkIRBLE, 

# BUT IT IkJST BE N POWEP. OF TWO. IN THIS CRSE THE 

* LIST CONSISTS OF 54 NUMBERS ~ 4 BYTES ERCH 

# UPDN ENTRY TO THIS SUEfOUTINE, TIE SIGN FLRG 
# INDICRTES IF TIE N+JMBEk,S, TO BE SOkTED 
# RRE STONED OR LA75IGNED: 
# SIGN= MJT 8 HERNS IAlSIONED NCAIBERS 
# SIGN = 5 MERITS SIGNED MJhBERS. 
# THE 9F11Ek OF SORTING CRN BE CHPNGE[:' FROM RN 
+ [NCkEIENT]NG TO R DECPEMENTING ORDER 6V CHRNGING 
# THE INSTl+~JC:TICMlS MPRKED WITH R t. 
# THE GPERTER THRN (GT) TESTS MIwT P.E 
# CHRNr;£D Tn LESS THRN CLT) TESTS [ihE' VICE YERSR 

CANT H'4F0' 
SIGN kE5 1 SIGN FLRG: SIGN=O SIGNED NlA'BEk 
# SIGN= NOT 0 INSICdED MA6ER 
SRVE RES 1 MEMOPV LC~CRTION TO SRVE INDEX P.2 
LRST RES 1 INDEX OF NlA'IBER WHICH FOLLOWS 
# LRST NUMBER OF RCTURL LIST 
WLEN EOU 4 WCA>11 LENGTH IN BYTES 
# 

ORG H'Ek0' LIST RDDRESS 
LEN EQU 256 LIST LENGTH 
LIST RFS LEN 

# SOkTING A+fROUTINE 
CMG H' 560' 

SCAN PPSL COM 
CFSL IE 
LOOI:k3 ̀ LEN 

Ff1;S SIRI, F3 WLEN 
# 

RETC:Z 
SKIP LCA~Z P3 

STRZ R2 
MR;fFI LOUZ R2 

STkZ kl 
RDUI,FB NLEN 
STPR: R0 LFIST 

LIGICRL COFPRRE 
WITHOUT CRPRY 
IURO REEX P.3 
DELT~MtNT INDEi k3 TO LRST NUlB(x 

OF RCTIKiL LIST 
kETlr?N IF SORT RERDV 
LORC' INDEX COUNTER P2 

SET INDEX kl RT RCTLAk 
LRPGEST hARIBER OF RCTIAA. LIST 

SRVE INDEX CA: NIA+£Ek t•HICH 
FOLLOWS LRRI,ET NLM1BEk OF 
RCTURL LIST 

LORD LOCW~kP SIGH IF SIGN IS 5, L'LERR COMPHRE 
Bf.FR,Z LOBS SIGNED MREERS 

CPSL C~Tt1 ELSE BRRNCH. IJNSIGNEU NUM~R 

TWI"I KSEMBLER !+Ek 1 0 

LINE FiC'Uk OBJECT E 59~_A±CE 

0/53' 6`14 SUbbb0 
0567 
558" 5510 Rr•54 
8539 051E EEFC 
5545 951k 132R 
0591 5`22 EE66C~j 
5092 
599=: 5525 197; 
5594 
5895 552? SR62 
8896 
+197 
5598 
5599 8529 iE64Fi 
0104+ 05~T 7762 
5151 552E EC'S4F2 
5162 8531 1°0F 
815< d5=3 502655 
5154 5536 EE2665 
5035 5539 i873 
0156 5536 1906 
5197 
5158 
5159 

5115 8SU 9E54F1 
+iill 5540+ iB49 
511[ 554[ 5U04F_ 
51L 5545 8554 
5114 5547 aE54F1 
8115 554R 184; 
5116 9540 a< 
5117 5540 Ei 
5118 554E 1817 
5119 i15`5 5D15FF 
51~~ 555< C~• 
9121 Cfj54 0F6655 
5122 r,5=7 ODE•5FF 
512= R55R C*2 
9124 5556 CFE608 
9125 955E DB09 
5126 5565 ELCMF2 
5127 556' 9866 
5128 5565 R784 
5129 0567 iF0555 
5135 
51'1 9555 

Figure 16 

PR~iE 600_' 

LOBS Llb'R,FB LIST.kl FETCH FIkST BYTE OF HCTURL 
# LRRGEST M_A1BEk 
CCA9P AA31:k2 WLEN UECRENENT IHCfX: R2 

CAII,k2 :>LIST-41LEN TEST RNU BRRNCH IF SEHPCH 
BCTk,Ei! EXCH IS RERCW 
rOtIR:kO LI~•Lk2 CCX1PRRE k5 FIITH FIkST 6YTE 

# CM NLAEfk RI{+kESSEG BV R2 
BCTk, GT COMP f IF GT: THEN hN~9EEk R[1DRESSED 

# BV kl IS STILL LRPGEST NUMBEk 

BCTR.LT MRXTI t IF LT: THEN NEW RCTURL LRR-
# LEST NIMBEk IS FOlA10 
# ELSE CCAA'RRE NEXT EVTES 
# OF BOTH NLfi1BERS 

STPR,F,2 SRVE c,~ INDEX k2 
FPSL CON Ltr~ICRI COMPRkE 

NEXT C9hW,Ri LRST TEST H!U 6RRtN~H IF CCA'rrfiRE OF 
BCTR,EO kSET FCLL~AdI!!G BYTES IS RERDY 
LJLW,RS LIST•ki•+ COMPRRE FOLLOWING BYTES 
COMB, R5 LIST, R~, + OF BOTH 1N.TI~kS 
BCTR,EO NEXT BYTES EOL~, THEN CUNTINLE 
B.iTk. GT kSET k [F GT M_FIEEF' RCY+kESSEU BV ki 

# IS STILL NCTURL LFAN3EST NUMBER 
# ELSE hEW RCTURL LRRGEST NlA1BEk 
# IS FOLRm 

LOCA.k2 SRYE FETCH SAVED INDEX 
BCTk, LMI MRXM NEW F1C1lIRL LHRGEST NUMBER, BkRNCN 

F ET LODR: Rl LfLFT kESET INDEX LRRGEST NlA'REk 
SUBI,ki WLEN 
LODR:F.2 °.RYE FETCH SRYED INDEX R2 
EtiTk,LAI LORC' 

EXCH LOA+Z k3 TEST IF LRkGEST hN~EP IS THE 
r_OMZ k1 SRME RS T!E LRST hNJME OF THE 
BCTk,EO BRCH RCTLPIL LIST 

E)'C2 LCAMT. k0 LIST-1, ki, + EXf.HRFlGE THE LRST M.A18Ek 
STRZ k2 OF THE RCTLIRL LIST RND THE 
LCAX+: RB LIST, F'3 RCTUfiL LRRGEST NLA~ER OF 
STFA,PS LIST-L ki THE LIST 
LOD2 k2 
STRR, F8 LIST. F.3 
BIPk,R3 S+2 
CCM)fT:Ri LRST TEST RNU BkH11CH IF EX.L'HRNGE 
BCFk, EL EXC2 IS NOT REFIUV 
SCIPI:k_ NLEN kESET INDEX k'. 

BhH Eh;TR,IM PRSS IEY,T F'RSS 

EIL~ SCM'T 

TfjTRL RSSEMBLY ERfiM'S = 9569 



Program Title 

SEARCH SORT 
SUBROUTINE FOR A 
FIXED LIST 

Function 

This program sorts multiple-byte num-
bers (signed or unsigned) into their 
incrementing order. The list to be sorted 
may contain more than 256 bytes. In 
this case, the list contains 256 eight-
byte numbers. The list has a fixed start-
ing address and length. 

Parameters 

Input: 

Unsorted list. 
The SIGN flag indicates if the numbers 
are signed or unsigned. 

SIGN = 0 means signed numbers. 
SIGN = 1 means unsigned numbers. 

Output: 

Sorted list. 

Refer to Figures 17 and 18 for flow-
chart and program listing. 

FLOW CHART FOR SEARCH SORT SUBROUTINE (256 EIGHT-BYTE NUMBERS) 

Ye 

SORT 

j 

I ninalite COM - 1 
logical compare 
WC = 0 without carry 

Set low order address 
of indirect address 
of the pointer 

Set pointer 3 to the 
end of the list ♦t. 

Dec ent pointer 3 
(POINT 31 WLEN 

-~ POINT 3 

Set pointer 2 
(POINT 31~POIN7 21 

1 

v 

\ RETURN 

Set pointer 1 
(POINT 21~POINT 1 

Save address of 
umber following 

actual last number 

Signed numbers 
SIGN 0> 

Clear COM flag 
arithmetic compare 

Load RO with first 
byte of a tual 
largest number. 

Decremen pointer 2 
(POINT 21-WLEN 

POINT 2 

i Nn 
Is search 

readylP01NT 21 
=SLIS 7 

RO lust 
byte of number 
addressed by 

POINT 2> 

Ves 

RO- first 
byte of number 
addressed by 

POINT 2s 

Save POINT 2 in 
SAVE 

Set COM (lag 
(logical compare) 

Comparison of 
thectwo numuers 

omplete7 

Load RO with neat 
byte of actual 
largest number 

RO =similar 
byte of number ad-

dressetl by 
•ointer 2 

IR01 - mdar 
byte of number ad 

dressed by 
inter 2 

Load pointer 2 
with SAVE. 

Load poi ter 1 with 
aved add ess of 

umber lollowmg 
actual last number. 

Decrement pointer 1 
(POINT 11-
WLEN~POINT 1 

Load pointer 2 
with SAVE. 

Figure t7 

Actu ( last 
inner=actual 

largest number 

Load RO with byte 
of actual largest 
number 

saee nyte in Rz 

Load RO with 
mdar byte of 

actual last number. 

Store byte in srmiiar 
place m actual 
largest number. 

Fetch sa ed byte 
out of R2 

Store byt l smdar 
place in a tual'last 
number. 

Inc ment R1 and 
Ra

re

Is eachange 
ready IRt I -LAST? 

Decrement pointer 3 
(POINT 31-
WLEN~POINT3 

HARDWARE AFFECTED RAM REQUIRED (BYTES(: 9 

REGISTERS 
RO 

X 
R1 

X 
R2 

X 
R3 
X 

R1' R 2' R 3' ROM REQUIRED (BYTES(: 167 

EXECUTION TIME: VARIABLE 

PSU 
F II SP 

MAXIMUM SUBROUTINE 
NESTING LEVELS: NONE 

PSL 
CC 

X 
IDC 
X 

RS WC 
X 

OVF 
X 

COM 
X 

C 

X ASSEMBLER/COMPILER USED: TWIN VER 1.0 
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PROGRAM LISTING FOR SEARCH SORT SUBROUTINE (256 EIGHT-BYTE NUMBERS) 

TNIN RSSEMBLEP !DER 1.0 PRr,E 880' 

LINE RDDP. OBJECT E SDL~F'CE 

9931 ***************************s** 

8b32 * PD758965 
ggz3 *s******~*+#*********ter******* 

b9?4 * SERRCH SORTING SLBROUTINE * 
9b 5 ***»**we********************* 
ggz6 *THIS PFt-K#tFt1 SORTS R LIST OF MULTIPLE-BYTE NUMBERS 

?? * INTn THEIR INL'RECENTING ORDER. THE 
is+s8 * STRRT RDDPESS OF THE LIST IS H'S88'. THE NUMBER OF 

OO?~ *BYTES IN ERCH IllJMBER IS VRkIRBLE, BUT IT MUST Bf R 

0040 *POWER OF TWO. IN THIS CRSE THE LIST CONSISTS ~ 
0841 * 25E• EIGHT-BYTE NUMBEkS. UPON ENTPY TO THIS 
Nb42 * SUBP.pJTINE, THE SIGN FLFki II~ICNTES IF THE NUMBERS 
i+04_ * RRE SIGNED OR LM7SIG!ED: 
8@44 * SI~~d = NOT b TERN=. LMSIGNED NUMBERS. 
in345 * 4C7d = 9 MERMS SIGNED !✓<MIBEP.S. 
0945 *TIE DRDEk OF SORTIM3 CRN BE CHRh7GED FkOM RN INCRE-
9047 * MENTINO TO R DECREMENTING OPDEk BY CHRNGING 
9548 *TIE INSTPoICTIONS MRRI:ED IdlTH R $. 
9i+4P * THE r,TZERTER THRN (GT) TESTS MUST BE 
gg5i± * fFkTEIGED TO LESS THRN CLT? TESTS RISC VICE YERSR 
ui+51 * 
N952 Nbb9 OF.G H'4F?' 
4453 g4F7 =IGN PES 1 SIGN FLRG: SIGN=B SIGNED M118EP. 
4454 * SIGFr NOT b LNSICNED NUMBER 
9b55 b4F6 SRVE PES 1 SRVED LGW-OkDEk RDDRESS POINTER 2 
59`_•5 94F9 LRST RES 1 SRVED INDEX OF NUMEEP.. FOLLOWING 
cog? * RCTURL LRRGEST NUMfER 
985P, H4FR RLn kES _ HIGH ORDER 1't1DP.E5S POINTER 1 
NO59 04FC RD2 PES 2 HIGH C4~DEF. RDURESS POINTER 2 
9959 04FE RD3 RES NIGH ORDER RDI~±ESS POINTER ? 
9951 
iE+62 il5fpa CRG H'S00' 
Oiffi? 85i~~ SLIS kES H'S99' STRRT RL SS OF SORTING LIST 

f~64 C~P98 ELIS RES i END RDDRESS OF SORTING LIST 
i~365 09ij£ WLEN EGMJ B WOFD LENGTH CBYTES? 
996E * 
9bf7 9D91 fj(;G H'449' 
995i' 044b ?782 SORT PPSL COM LOfiILYiL COMPRRE 
b86w 9442 ?596 CPSL NC WITHOUT CRRRY 
C43?9 9444 9408 LORI, F9 %SLIS SET LC4J-ORDER RDL~PESS CF INDIRECT 
9971 9445 CC94F6 STRR,RE RM+1 RDDPESS 
8972 9444 Cr54F[; STP.R,R9 RD2+1 
997? fW4C CC94FF STRR,R9 RD's+i 
9b?4 944E 97gD LC~DI.k? :ELLS SET POINTER RT TIE END OF THE 
9975 9451 CF94FE STPR,R< RD? SORTING LIST 

N976 0454 8?N0 LOOI,R? ?Ells 
?? 8456 8C94FE PRSS LODR, P9 RD'< TEST RND FfTlf'N IF SORT IS 

E>8?'? N459 589? BRNR, R? PRSS PERDY 
i~979 9456 E495 iU1L R9 :SLIS 
i+9~ Q45D 14 RETC: EO 
b9Ri 945E FBbN E~,R9 f+2 DECREMENT POINTEk 3 TO LfiST NUMBER 
9992 0459 CC04FE STRR,RH RD? OF RCTLWL LIST 
9883 945? R7N6 PRS1 SUBI.R3'WIEN 
99P4 941:5 CC94FC STRA.PO RD2 SET POINTEk 2 RT LRST NUMBER OF 
0945 b45S 93 LOD7 R? THE RLTURL LIST 

i~66 0469 C2 STRZ k2 
9bE7 O46R E><'94FC MRXM LODR, P8 RD2 SET POINTER i RT TIE RC~URL 
C#j36 C+4Ed) Cr_94FR ST~1.R9 RDi LRRGEST NUMBER OF TIE RCTURL 
0E~ 9479 02 LODZ R2 LIST 
095+9 94?i CS STRZ ki 

Figure 18 
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PROGRAM LISTING FOR SEARCH SORT SUBROUTINE (256 EIGHT-BYTE NUMBERS) (Cont.) 

TWIN RSSEMBLER YER 1.9 PRGE 9606 

LlhlE ~w OBJECT E SgJPCE 

0091 0472 8496 RpDI,kO WLEN SRVE INDEX OF NUM6ER FOLLCAIING 

Bb92 9474 CC04F9 STRR,R9 LRST THE LRST MAA3ER OF THE RCTURL 
809; * LIST 
8b94 9477 9C64F7 LORD LCIUR,RB SIGN 1F S1Ghl IS 0, SET COMPRRE,SIGNEU 

6945 947R 9892 BCfR,Z LORI NUMBER. ELSE CLERK COMPF#tE, 
0996 b47C 7592 CPSL COM UNSIGNED hAJMBEkS 
999? 647E 6DE4fR LORI LODR,RB +RDS,R1 LORG RB WITH FIRST BYTE OF 
inlue « RCTIJRL LRRGEST NUMBEk 
909'? b481 SRAE COIF ERNR, R2 COMS TEST Rldi BPfMICN TO EXCH IF 
619H 648: 9Eb4FC LODR,k2 RU2 SERkCH IS PERDY. 

8191 9486 E695 COML k2 'SLIS 
9182 9488 1835 BCTR,EG EXCH 
9193 048R fR89 BDPP,k2 f+2 DECREMENT PUINTEk 2 
0194 9480: CEB4FC STRR, P.2 RU2 
9195 04°F 96b6 LODI,R2 9 
91b6 9491 R668 COMS 51161, F'2 WLEN 
01b7 0493 EEE4FC COMR,R9 +RD2,R2 COMPRPE RCTURL LRPGEST WORD 
0198 ~ WITH WORD FlDDRESSED BV POINT 2 
9199 9496 1969 BCTR,GT COMP Alf GT, THEN IT IS STILL 
N116 + RCTLIRL LRPGEST hrJhBER 
6111 9448 SR50 BCTk,LT hAiX11 AIF LL THEN NEW RCTURL 
0112 * LIST FAJMBER IS FUJND 
811: ELSE Cp1PRRE NEY,T BYTES OF 
0114 + BOTH h✓LA'A?ERS. 
9115 944R CEb4F8 STPA,k2 SKYE SKYE POINTER 2 

0116 045D 7702 PFSL C:C~1 LC~:,ICRL COMPRRE 
6117 949E ED04F4 NEXT CUFIR,Rl LRST TEST Rhd~ BP.fA1CH IF CGMPRRE ~ 
9118 04R2 1816 BCTP ED POET THE FOLLOWING BYTES OF THE 
9119 s TWO NLRA3ER5 IS RERUV. 

0129 b4R4 0C414FR IODR, R9 +RD1, R1, + COfpflf?E FOLLOWING BYTES 
9121 CMR7 EER4FC COMR,R9 *RD2,R2,+ Gf BOTH IAJM6ER5. 

9122 94RR 1873 BCTP.,EO FIEXT IF EQURL, CONTINUE 
9123 04RC 1996 ErTP GT kSET A If GT, hAJMBER RDURESSED BY 
8124 * PUINTEk 1 IS STILL RCTURL 

8125 t IRRGEST NUMBEP. 

Cri[6 * ELSE NEW RCTURL LRkGEST 

0127 NUhBER fOUFY~ 

9129 64RE 0E64F8 LC~DR•k2 SR1~E FETCH SRYED POINTEk 2 
6169 0461 1F846R BCTR, lAl MRXM 
6L'9 0464 9U04F5 PSET LO[W,Pi LRST PESET POINTER 1 RhA'i 
0131 0467 R598 SUBI,ki WLEN POINTER 2 
0132 0469 0E04F8 LOUR, k2 SKYE 
9133 94Eti 1F0477 6lTR,I_IN LORD 
91x4 04PF 93 EXCH LOU? Rs TEST RM? BRRNCH TU EXC[ IF 

61:5 0408 E1 CUMZ Pi RCTI-IRL Lf#tGEST NUMBER IS 
9136 9401 5868 BCFP EG EXCi SRME RS THE LRST t1lkA3ER OF 

513? 6403 6CH4fE LODR.P9 RD3 THE RL'TIAiL LIST. 

8„ 8 c~4C6 EC94FR C[dIR,kB RDi 

0139 6409 1814 BCTP EU EXC2 

6148 6406 bDE4FR EXC1 LOOR,RB *RDS,FI EY,CHHM3E FCTI~ LRST NlA16Ek 

8141 94CE C2 STR? R2 FAA LF6T NlA1BER CAF RCTUHL 
0142 04CF 9FE4FE LODR,R9 *RD3,R3 L15T 
0143 84D2 CDE4FR STRR,RB *PU1,R1 
0144 94D5 92 LODZ k2 
0145 64D6 CFE4FE STP.R, R0 *RD3. R3 
9146 94D9 D69•3 BIRk,P3 f+2 INCREMENT BOTH POINTERS. 
0147 >4D6 D900 B1RR,P1 f+2 
9148 04DD ED94f5 LOMR,P1 Lf~T TEST RNU BRRNCH TO EXC1 IF 
0149 04E9 9869 BCFR,EB EXCS EXCHfMGE IS NOT RERDV 
0150 84E2 R788 SUBL R? b1LEN PESET POINTER 3 
6151 04E4 1F8456 EKC2 BCTR,UN PRSS CONTIhAJE NEW PRSS 
0152 
6153 8449 END SOkT 

TOTRL RSSEMBLY EkkORS = b968 

Figure 18 
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Related 2650 publications 

no. title summary 

AS50 Seriallnput/Output 

AS51 Bit &Byte Testing Procedures 

AS52 General Delay Routines 

AS52 Binary Arithmetic Routines 

AS54 Conversion Routines 

AS55 Fixed Point Decimal Arithmetic 

SP50 2650 Evaluation Printed Circuit Board 

SP51 

SP52 

SP53 

SP54 

SP55 

SS50 

SS51 

MP51 

(PC1001) 

2650 Demo System 

Support Software for use with the NCSS 
Timesharing System 

Simulator, Version 1.2 

Support Software for use with the General 
Electric Mark HI Timesharing System 

The ABC 1500 Adaptable Board Computer 

PIPBUG 

Absolute Object Format 

Initialization 

MP52 Low-Cost Clock Generator Circuits 

MP53 Address and Data Bus Interfacing 
Techniques 

MP54 2650 Input/Output Structures and 
Interfaces 

TN 064 Digital cassette interface fora 2650 
microprocessor system 

TN 069 2650 Microprocessor keyboard interfaces 

TN 072 Introducing the Signetics 2651 PCI 
Terminology and operation modes 

TN 083 Using the Signetics 2651 PCI with popular 
microprocessors 

TN 084 Using seven-segment LED display with the 
2650 microprocessor 

TN 085 Cyclic redundancy check by software 

TN 086 Introducing the Signetics 2655 PPI 

TN 087 Audio cassette recorder interface for the 
2650 microprocessor 

TN 089 CRT display using a standard TV monitor for 
2650-based microcomputers 

Using the Sense/Flag capability of the 2650 for serial I/O interfaces. 

Several methods of testing the contents of the internal registers in the 2650. 

Several time delay routines for the 2650, including formulas for calculating the 
delay time. 

Examples for processing binary arithmetic addition, subtraction, multiplication, and 
division with the 2650. 

• Eight-bit unsigned binary to BCD 
• Sixteen-bit signed binary to BCD 
• Signed BCD to binary 
• Signed BCD to ASCH 
• ASCII to BCD 
• Hexadecimal to ASCII 
• ASCII to Hexadecimal 

Methods of performing addition, subtraction, multiplication and division of BCD 
numbers with the 2650. 

Detailed description of the PC1001, an evaluation and design tool for the 2650. 

Detailed description of the Demo System, a hardware base for use with the 2650 CPU 
prototyping board (PC1001 or PC1500). 

Step-by-step procedures for generating, editing, assembling, punching, and simulating 
Signetics 2650 programs using the NCSS timesharing service. 

Features and characteristics of version ].2 of the 2650 simulator. 

Step-by-step procedures for generating, editing, assembling, simulating, and punching 
Signetics 2650 programs using General Electric's Mark III timesharing system. 

Describes the components and applications of the ABC 1500 system development card. 

Detailed description of PIPBUG, a monitor program designed for use with the 2650. 

Describes the absolute object code format for the 2650. 

}'rocedures for initializing the 2650 microprocessor, memory, and I/O devices to their 
required initial states. 

Several clock generator circuits, based on 7400 series TTL, that may be used with the 
2650. They include RC, LC and crystal oscillator types. 

Examples of interfacing the 2650 address and data busses with ROMs and RAMS, such 
as the 2608, 2606 and 2602. 

Examines the use of the 2650's versatile set of I/O instructions and the interface 
between the 2650 and I/O ports. A number of application examples for both serial 
and parallel I/O are given. 

Interface hardware and software for the Philips DCR digital cassette drive. 

Simple interfaces for low-cost keyboard systems. 

Description of the 2651 Programmable Communications Interface IC. 

Simple hardware interfaces to use the 2651 Programmable Communications 
Interface with various microprocessors. 

Interfaces for single and multi-digit LED displays. 

A short routine to encode and decode CRC check characters for the 2650. 

Description of the 2655 Programmable Peripheral Interface. 

Economical alternatives to the digital cassette recorder. 

Economical solution for a visual display unit 
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