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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 lists. 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 (and
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.

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 BUBBLE SORT

3 3 3 3 3 30

5 5 5 0 0 0%,
EN

o o) ,0 /% 4/4 4

6" 41/4 4 !L*5. 5 5

4% 6 6 6 6 &

* Indicates places where exchange of
numbers occurs.

Figure 1

EXAMPLE OF A SEARCH SORT

NOTE: Shaded areas denote part
of list 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 list 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 a new 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 0
3
5
4
6 6

Flag# 0

Pass 1
- —— — — — = = — ]

0
3
4
5
6
0
3
4
5
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 '#’ in the
comment column from the Greater Than
(GT) 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 FLOW CHART FOR
e FIXED-LIST BUBBLE SORT
+ DEFINITIONS OF SYMEOLS enren
*  PEGISTER EQUATES
5 Eu 8 FEGISTER @
Rl Equ 1 FEGISTER 1
k2 Ef 2 FEGISTER 2 L e
Kz EQU S REGISTER Z LEN1—=R3
+  CONDITION CODES -
JaEe aaed F Eon i POSITIVE RESULT Y
AR18 Bead Z EGU 8 ZERO RESILT Load index
a1l Raaz M Ecu 2 HEGATIVE FESILT (R3) —~R2.
GELz A2 LT Eoll 2 LESS THAN ———»l
BE1Z ARaE EQ Eau @ EQUARL TO
Aad ARG a7 Equ 1 GRERTER THAN e b
LS faEz M EQU Z UNCONDITIONAL
BE1E +  PSW LONER EGUARTES ‘
ALy Cc EQ Ha@  COMDITIONAL CODES ) v o
pais It Eol H'28°  INTERDIGIT CARRY Jower posiupaes
gaLs F< Equl H18"  REGISTER BANK
i Wi Ef H@2”  1=WITH @=WITHOUT CARRY
5 OYF  EQ H'84°  OVERFLOW rchance mumers
% cm EQ H82’  1=L0GIC B=RRITHMETIC COMPARE
C Equ H'31"  CRARRY/BORROM l
+  PSW UPPER EQUATES
SENS BB H'28"  SENSE BIT painler,
FLAG  ERU H’48°  FLAG BIT
I el H 2@ INTERRUPT IHHIBIT
cF Eq H@7‘  STRCK POINTER
+ END' OF EGURTES Mo e
FIGURE 4 ol
Program Title Parameters Decrease pass counter
(R3)-1 —»R3
BUBBLE SORT FOR A FIXED  !mput:
LIST Unsorted list. L
. The compare flag indicates if the num-
Function

This program sorts single-byte numbers
(signed or unsigned) into their incre-
menting order. The bytes are held in a

bers are signed or unsigned.
COM=1 means unsigned numbers.
COM=0 means signed numbers.

Sort ready?
(R3)=0

. . t: RETURN
list with a fixed address and a fixed Dutpy ) -
length. The maximum list length is Sorted list.
256 bytes.
Fi 5
Refer to Figures 5 and 6 for flowchart and program listing. ‘gure
HARDWARE AFFECTED RAM REQUIRED (BYTES): NONE
REGISTERS l;? ';(1 F;(Z 5;3 R1 R2" | R3'| ROM REQUIRED (BYTES): 32
EXECUTION TIME: VARIABLE
PSU F "o sP MAXIMUM SUBROUTINE
NESTING LEVELS: NONE
CcC IDC F M [
PSL X RS | WE il €0 ASSEMBLER/COMPILER USED: TWIN VER 1.0




PROGRAM LISTING FOR FIXED-LIST BUBBLE SORT
THIM HSSEMELER YER 4.9 FRGE @ais2

LINE ADDR ORJECT E SOURCE

ERERT RS L EPE T EE

RERER LR PR R PR

¥ *
B P R P S R SR S SR R S PR S AR S e
¥ BURELE SORT FOR FINED LIST *

R A S S R e T SR R T e

+ THIZ PROGRAM SORTS A LIST OF SINGLE-BYTE HUMBERS
+ INTO THEIR I PEFrulld' ORLER.

# THE LIST HRS R FIHED LENGTH ANC A FISED ADDRESS.
# THE MRSTMUM LIST LEWGTH IS5 256 EYTES
¥
+
+

DT T
T
S

O )
houN )
roe

+ UPCH ENTEY TG THIS SUERDUTINE. THE COMPRRE FLAG
- INDICATES IF THE NUMBERS TO EE SORTED

G4 * ARE SIGNED OF UNSIGHED-

§844 ko OOM=1 HERNS UNSIGNED HUMBERS
45 * COf=G MEANS SICHED NUMEERS
A3 &

oy
R I

T I
VT T
[

sswq RI

43 PRES LOGC

£ G5 STRT %
BESL BG4 GEEEHE  LOOF LODR PP LIST.RE LORD FIRST NONEER IN R9
el COMR. B LIST-L, B2 COMPRFE WITH SECOND NUMEER
2 BOFFLLT LOC  # ERFNCH IF THE MUMGERS FRE IN
+ T‘,s FIGHT SECUENCE
<TRZ HENGE THE W MUWEERS

LUEA. R
STRA. 4 |

L

STOH. B

BIFF, 72 THCREM INDES
COMILEZ COMPHEE INDEY WITH LENGTH
BCFE ED ERENCH IF FRES NOT READY
L EORE, BT BRANCH IF SORET NOT RERDY
FETC. UM FETURN T MAIN PROGRAM
¥
PR R R R R LR R 6L 4
# SORTING LIST ¥

(4] PR R TR R R R R S SRR &
HEED CRG Hogls® LIST

BE7E GO LEN B 2ha LEMGTH OF THE LIST
5 LIST  RES LEN ADORESS OF THE LIST
i :
i EMD: SORT

TOTRL ASEEMELY ERRORZ LI

Figure 6




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=0 means signed numbers.

Output:
Sorted list.

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

ENTER

Load R3 with list
length minus 1.
LEN-1 —=R3

P

>

Y

Load index
counter R2
(R3) —R2

FLOW CHART FOR A FIXED-LIST SEARCH SORT

oy
<

Index of largest
number to R1
(R2) ——R1

Actual largest
number to RO.

Search ready?
(R2)=0

Y

Exchange actual
largest number and
last number of
actual list.

Decrease index
(R2) -1 —=R2

Y

Decrease actual list
length. (R3)-1—+R3

Is sort ready
(R3)=0?

RETURN

Figure 7

(RO) <
number indicated
by index

R2}

HARDWARE AFFECTED

REGISTERS F;(o ';1 ';(2 R):(’ B | B R
- F |l u | sp
PSL cC IDC RS WC OVF comMm C

RAM REQUIRED (BYTES):

NONE

ROM REQUIRED (BYTES):

32

EXECUTION TIME:

VARIABLE

MAXIMUM SUBROUTINE
NESTING LEVELS:

NONE

ASSEMBLER/COMPILER USED:

TWIN VER 1.0




PROGRAM LISTING FOR FIXED-LIST SEARCH SORT

TWIN ASSEMELER VER 1.4

LINE RDDR

Bia21
fgz2

PRGE @382

DEJECT E SOURCE
¥
+  PD76AB61 *

¥

skt bbbk obob ko4

*  CSEARCH SORT FOR A FIXED LIST

* THIS PROGRAM SORTS A

LIST OF SINGLE-BYTE NUMBERS

LENGTH AND A FIXED RDDRESS.

SORTING SUBROUTINE
LOAD ACTURL LIST LENGTH IN R3

INDEX OF LARGEST NUMBER TO RL

LOAD PPESENT LARGEST NUMBER IN k@

ERANCH IF PRSS NOT READY

EXCHRNGE LARGEST MNUMBER WITH
LAST MUMBER IN ACTURL LIST

DECREASE ACTUAL LIST LENGTH,

ERANCH TD MEXT PRSS IF
LENGTH NOT ZERO

FETURN T MAIN PROGRAM

COMPARE NUMBER WITH PRESENT
LARGEST NUMBER OF LIST

# BRANCH FOR MEXT MUMBER

ERANCH IF MNEW NUMEER IS LARGER

LENGTH OF THE LIST
ADDRESS OF THE LIST

# INTO THEIR INCREMENTIMG ORLER.
+ THE LIST HAS A FIXED
* THE MAXIMUM LIST LENGTH IS 256 BYTES.
+ |JPON ENTRY TO THIS SUBRQUTINE, THE COMPRRE FLAG
+ INDICHTES IF THE MUMBERS TO BE SCRTED
* ARE SIGNEL OF UNSIGNED:
* COM=1 MEAMS UNSIGNED NUMBERS
+  COM=@ MEANS SIGMED MUMEERS
¥
ARG ORG H* S’
S @Aoed G7cy SOPT LODL B2 LEN-1

GE49 BoA2 8z PRES LODZ Rz LOAD INDEX R2

BESH woEZ (2 STRZ Fe

4851 EoE4 62 SLEC LpZ2  F2

PAS2 BoEs 1 STRZ ki

@RASZ G566 Bhecas LO0A, P8 LIST. P4

AAS4 E96Y SAGBE LOOF BRNR, RZ COMP

BESE @5eE L2 STRZ Rz

AESE @S0 BFECAA LODA. R@ LIST, RZ

BES? BSF CLEEAE STRA. RE LIST. R1

@ase LabZ p2

@Ase STRA. P LIST. R2

KA BORR. B2 PRSS

AHE *

5l ¥

i : RETC. N

A4 4549 EE4Eme COMP COMA. A LIST, R2, -

ARs ¥

BEEE BSA0 SACE BCFR.LT LOOP

#3ET HSAE 1BE4 ECTR. I SLEC

ARss *

e R e e T

@a7 + SORTING LIST +

“ R R e e e e SR

3 0RG H &@3” LIST

BE7Z @ LEN E3U 24

HE74 GoRl LIST RES LEN

BETS Ao EMD SORT

TOTHL RSSEMELY ERPORS = B@ma

Figure 8




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=0 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

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

l

Store list length
minus 1.in LENG
(R3) —= LENG

Y

Decrease pass counter
(R3)-1 — R3

A

Load index
counter R2
(R3) —=R2

Y

Number indicated
by index R2 to RO

(RO) - next
higher positioned

No

Exchange numbers

\i

Increase index
(R2)+1 —=R2

Pass ready?
(R2)=list
length—1

RETURN

Figure 9

HARDWARE AFFECTED
RO | R1 R2 | R3 R1" | R2' R3’
REGISTERS X X X X
PSU F 1 SP
PSL (';2: IDC RS | WC | OVF | COM Cc

RAM REQUIRED (BYTES):

3

ROM REQUIRED (BYTES):

40

EXECUTION TIME:

VARIABLE

MAXIMUM SUBROUTINE
NESTING LEVELS:

NONE

ASSEMBLER/COMPILER USED:

TWIN VER 1.0




PROGRAM LISTING FOR A VARIABLE LIST BUBBLE SORT
THIN REEEMBLER YER 1 & FHGE Baa2

LIME RDOR DBJECT E SOURCE

EERER R EERERR R AR SRR SRR % R b o
+ F A

S T e S
# BUBELE SORT FOR YARIAELE LIZT  +

R L TR S AR S e T ]

+ THIS FROGRAM SORTS A LIST OF SINGLE-BYTE HUMBERS

+ INTO THELR THOREMEMTING ORDEFR.

¥ THE ADORESS RHD THE LEMGTH OF THE LIST MUST EBE

+ DEFINED IN THE MAIN FROGRAM. THE MANIMUM LIST LENGTH
- 5 236 BYTES

4

t

¢

*

* LPCHENTRY TO THIS SUBRDUTINE. THE COMPARE FLAG
*

*

+ INGICATES IF THE HUMEERS TO BE SCRTED
+ FARE EL 0P UNSIGNED:
COM=1 MERNS UNSISNED NUMBERS

4=

fds ;
H4E + COM=R MERNS SIGNED NUMEERS
B47 .

BAE T PG HodFR

il
349 14 AR FES 2 ALDRESS OF LIST
BESA B4F2 LEM3 FEZ 1 LIST LENGTH MINUS 1

) +

Vs

r

0FG H EEE SORTING SUBROUTINE
SORT STRA.RL ADE STORE HIGH ORDER ADORESS OF
' THE LIST
STRA. B2 ADR+1 STORE LOW ORCER ADORESS
STRRRZE LENG STORE LIST LEMGTH MINUS 1
PRZS BLRR BRI $42 DECREMENT PRSS COUNTER
Loz F: LOAD TNDEX
cTRZ R2Z
LOOF LODA, Pa +ADE.RZ2 FETCH FIRST MUMBER
COMR, B +RDR. B2, + CEMPARE WITH SECOMD NUMEBER:
BCERLGT LOC # ERANCH IF THE MUMBERS RRE IN
¥ THE RIGHT SERUENCE
3515 C EMCH STRE R1 EXCHRNGE THE TWO HUMEERS
£ GEE4FA LOPA. B3 *ADF, B2
19 CEC4Fa STRA. RA HADR, B2, -
JAxc Loz Rt
4540 CER4F@ STRES BB #RDE. B2, +
£ LA, E2 LENG COMPRRE (R2) WITH LENGTH
BCFR, ER LOOP ERANCH IF PRSS NOT RERDY
LOC  EBRFNR.RZ PASS ERANCH IF SCORT NOT PERDY
FETC, M FETUEM TOO MAIN PROGRAM

*

o )
=

END SORT

TOTRL PECEMELY ERRORS = BEAJ
Figure 10




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

>

Load index
counter R2
(R3) —=R2.

F

Index of actual
largest number to R1
(R2) — R1

Actual largest
number to RO

Search ready?
(R2)=0

Exchange actual
largest number and
last number of

Decrease index
(R2)-1 — R2

actual list.

A

Decrease actual list
length (R3)-1—=R3

Sort ready?
(R3)=0

RETURN

Figure 11

(RO) <
number indicated
by index R2?

HARDWARE AFFECTED
RO R1 R2 | R3 R1’ R2’ R3’
REGISTERS X X X X
PSU F 1] SP
PSL (;:: IDC RS | WC | OVF | COM C

RAM REQUIRED (BYTES):

2

ROM REQUIRED (BYTES):

36

EXECUTION TIME:

VARIABLE

MAXIMUM SUBROUTINE
NESTING LEVELS:

NONE

ASSEMBLER/COMPILER USED:

TWIN VER 1.0




PROGRAM LISTING FOR A VARIABLE LIST SEARCH SORT

TWIN ASSEMBLER YER 1. @ PAGE BoA2

LINE RDOR QRIECT E Z0URCE

ez *

Aaz2

Az *  PD76EBEZ *

a4 ¥ i

agzs * SEARCH SORT FOR YARIABLE LIST %

BAzE E£22 Hobrbrorhr Fok

Gaz? + THIS PROGRAM SORTS A LIST OF SINGLE-BYTE NUMBERS
AAze + INTO THEIR INCREMENTIMG ORDER.

#z9 * THE ADDRESS AND THE LENGTH OF THE LIST MUST BE
a34a * DEFINED IN THE MAIN FROGRAM. THE MAXIMUM LIST LENGTH
aad41 ¥ IS 256 BYTES.

qa4z * UUPON ENTRY TO THIS SUBROUTIME, THE COMPARE FLAG
a4z * INDICRTES IF THE NUMBERS TO BE SORTED

344 * HPE SIGMED OR UNSIGMED:

BEd5 % [M=1 MERNS DMSIGNED NUMEERS.

@Ade *  COM=@ MERNS SIGNED MUMBERS.

347 ¥

BA42 Aama (fG H 4F@”

3349 G4F@ AF  PES 2 ADDRESS OF LIST

4859 ¥

51 Bd4F2 (RG H 5867 SORTIMNG SUBROUTINE

AiA52 acea ChedFa SOFT STRA R4 ADR STORE HIGH ORDER ADDRESS OF
@esz * THE LIST

54 ASAZ CEBdF1 STRA. F2 ADR+1 STORE LOW ORDER ARDDRESS
BAsS5 3966 Bz PRSS LODZ Rz LOAD INDEX RZ

T T P cTRZ R

w357 #5e8 @2 MHEN LODZ 2 INDEY. (OF LARGEST MUMBER TO R1
@358 ASe9 1 1174 Fi

@59 AS0A BDE4FE LODA, P& +ADP. R4 LOARD PRESENT LARGEST NUMBER IM R@
PAea B5E0 SHAE SECH BRMR, F2 COMP BRANCH IF PASS NOT RERDY
aped @ser Lz STRZ R EXCHAMGE LARGEST NUMBER WITH
BA6Z @518 AFE4FH LODH. P2 +ADR, B3 LAST NUMEER IN RCTURL LIST
AReS B51Z CDE4FH STRA. PG +ADR. F1

A3cd Asie @2 Loz Rz

BEES @547 CFE4FE STRA, B9 +RDR, B2

#51A FEEA BDRR. B2 PRSS DECREASE ACTURL LIST LENGTH,

] * BRANCH T NEXT PRSS IF
3 * LENGTH MOT ZERD
Bees e51c 17 FETC, N FETURM TQ MAIN PROGRAM
Aa7E @54l EEC4FA COMP COMA, PO +ADR, P2, - COMPARE NUMEER WITH PRESENT
BT * LARGEST NUMBER OF LIST
BCFR.LT SRCH # ERANCH FIR NEXT NUMEER
ECTR. N HAXN EPAMCH IF MEW MUMBER 1S LARGER
74 *
375 8550 END SoRT

TOTRL RSZEMBLY ERFORS = oG

Figure 12




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

ENTER

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

Set READY flag
(R1)

RETURN

s sort ready
READY=0?

Set index R3 to the
end of the sorting

list + 1

Clear READY flag
(R1)

Signed
numbers
SIGN=0?

Clear COM flag
arithmetic com
pare

- 3

Y

Decrement
index R3
(R3)-WLEN =R3

Is pass ready
(R3) = 07

No

Load RO with first
byte of number ad-

dressed by index R

RO) > first byte’
of numoer addressed
by (R3)—WLEN2

(RO) < first byte
of number

by (R3) -WLEN?

Set COM flag
(logical compare)

Load R2 with (R3)

/

Store (R3)+ WLEN
in LAST

4

Load RO with first
byte of number

¥

omparisol

completed

of the two numbers

Load RO with next
byte, addressed by
R2

RO > similar
byte, addressed by
R2)-WLEN?

RO < similar
byte, addressed by
(R2)-WLEN?,

addressed by index
R3.

Save byte of RO in
R2

Load RO with
similar byte of
number addressed
by (R3)-WLEN

:

Store byte of RO
in similar place

in number adressed
by R3

l

Fetch saved byte of
R2in RO

Store byte of RO in
similar place in
number addressed
by (R3)-WLEN

'

Increment index R3
(R3)+1 —=R3

Is exchange ready
R3=LAST ?

Decrement index R3
(R3)-WLEN —R3

Set READY flag

Figure 13

EXECUTION TIME:

NESTING LEVELS:

HARDWARE AFFECTED
RO [ R1 | R2 | R3 | R1" | R2" | R¥
REGISTERS | 'y X X | X
— F n sP
-y CC | IDC | RS [ WC |OVF | COM | C
X X X X X X

RAM REQUIRED (BYTES):

2

ROM REQUIRED (BYTES):

89

VARIABLE

MAXIMUM SUBROUTINE

NONE

ASSEMBLER/COMPILER USED:

TWIN VER 1.0

1



PROGRAM LISTING FOR LINEAR SORT FOR MULTIPLE-BYTE NUMBERS

TWIN ASSEMBLEF VER 1.0 PAGE G@B2 THIN ASSEMBLER VER 1.8 PAGE 0903
LINE ADDR  OBJECT E SOURCE LINE ADDR OBJECT E SOURCE
o8zl * 8936 051F 1A16 BCTR, LT EXCH # IF LT, EXCHANGE NUMBERS
o922 2087 8521 7762 PPSL  COM LOGICAL COMPARE
@032 *  PD76AG64 * 2668 0521 83 Lz R3 STORE INDEX B2 IN R2
@92 8089 8524 C2 STRZ  R2
@835 * LINEAR SORTING SUBROUTINE * B096 8525 2484 NEXT RDDI, R® WLEN TEST AND BRANCH IF COMPARE
2826 @9o1 8527 E2 Mz R2 OF BOTH NUMBERS IS READY
2037 * THIS PROGRAM SORTS A LIST OF MULTIPLE-BYTE NUMBERS 8992 8528 1862 BCTR, EQ COMP
a2 * INTO INCREMENTING OFDER. THE MAXIMUM 692 AS2A BE2600 LODR, R LIST.R2, + LORD R® WITH MEXT BYTE OF
#939 * NUMBER OF BYTES OF THE LIST TO BE SORTED IS 6094 * NUMBER, ADDRESSED BY R2
0646 * 256 THE START ADDRESS OF THE LIST IS H’609’. 8095 852D EEFSFC COMA, k8 LIST-WLEN, R2 COMPARE WITH SIMILAR BYTE
PR41 * THE NUMBER OF BYTES IN EACH NUMBER IS YARIABLE, 8096 * OF NEXT NUMBER, RDDRESSED BY
R4z * BUT IT MUST BE A POWER OF TWO. IN THIS CRSE /97 * R3-KLEN
@343 ¥ THE LIST CONSISTS OF 64 MUMBERS OF 4 BYTES EACH. 8998 8528 195 BCTR, GT COMP # IF GT, CONTINUE COMPARING
@044 + UPON ENTRY TO THIS ROUTINE, THE SIGN FLAG INDI- 2899 * NEXT THO NUMBERS
HA45 + CATES IF THE MUMBERS TO BE SORTED ARE 8108 @522 1RaZ BCTR, LT EXCH # IF LT, EXCHANGE NUMBERS
@046 * CIGNED OR UNSIGNED: SIGN=8 MEANS SIGNED NUMBERS e161 @534 A2 Loz Rz
6347 * SIGN=NOT & MERNS UNCIGNED NUMBERS. 8182 8535 1B6E BCTR, UN NEXT CONTINUE COMPARING NEXT
@940 * THE ORDER OF SORTING CAN BE CHANGED FROM AN 163 * SIMILAR BYTES OF NUMBERS
Ap49 * INCREMENTING ORDER TO A DECREMENTING ORDER BY 6164 8527 82 EXCH LODZ  R3 STORE INDEX OF NEXT NUMBER
353 + CHANGING THE INSTRUCTIONS MARKED WITH 8165 8528 8464 ADDI, R8 HLEN IN LAST
#a51 + A & THE GREATER THAN (GT) TESTS MUST BE 816¢ B52A CCO4FE STRA, P8 LAST
s2 * CHANGED TO LESS THAN (LT) TESTS AND VICE VERSA. @107 852D OF66GA  EXCL LODA,R® LIST,RZ  EXCHANGE SIMILAR BYTE OF
@57 * 81628 #S4@ 2 STRZ  R2 BOTH NUMBERS
A654 REAA ORG  H/4FE’ 8109 @541 AFESFC LODA, R8 LIST-WLEN. R3
AASS B4FE LAST RES 1 MEMORY LOCATION WHICH SAVES TNDEX 8118 8544 CFeca STRR, R® LICT.R3
@56 * OF NUMBER WHICH FOLLOKS NUMBER 8111 @547 @2 Loz R2
ans? * ADDRESSED BY K3 8112 8548 CFESFC STRA, K8 LIST-HLEN, R3
@4FF CIGN RES 1 SIGN FLAG: SIGN=8 SIGNED NUMBER 8113 8548 DRER BIRR, R3 $42 INCREMENT INDEX R3
* SIGN= NOT @ UNSIGNED NUMBER #114 854D EFR4FE COMA, R3 LAST TEST AND BRANCH IF
* 3115 @558 9968 BOFR, EQ EXC1 EXCHANGE 1S NOT RERDY
A58 ORG  H/€ea’ 8116 8552 A784 SUBL, P2 WLEN RESET INDEX R3
#10¢ LEN EQU  H/18@’  LENGTH OF SORTING LIST @117 8554 @SFF LOOL, R4 H/FF/ SET PEADY FLAG
@609 LIST RES  LEN SORTING LIST #1102 8556 1Fe5aC BCTA, UN COMP CONTINUE COMPARING NEXT
R4 WLEN ECUI 4 HORD LENGTH IN BYTES 8119 * THO NUMBERS
* #120 *
* 8121 @500 END  SORT
a7 RG H/S@a’
FAGE ASEE 7762 SORT PPEL COM LOGICAL COMPARE TOTAL RSSEMBLY ERRORS = @008
#RE9 ASA2 7SA8 Pl D WITHOUT CRRRY
BA70 GSA4 BSFF LODI. R4 H'FF” SET RERDY FLAG
AATL BS95 @1 PRSS LODZ R TEST AND FETURN IF REFDY FLAG
@72 B5A7 14 PETC 15 NOT SET
P77 ASAS A7R LODT, PZ SLEN LOAD INDEX P3
P874 GSAR ASER LOCL, R 28 CLEAR RERDY FLAG
@375 SAC @C@FF  COMP LODA, P SIGN TEST SIGN:
A7 G50F S6E2 PCFR.Z COML SIGN= NOT @ UNSIGNED NUMBEF
@e77 G511 7582 Pl CM SIGN=0, SIGNED NUMBER, CLEAR COM
@072 512 A764 2 DECREMENT INDEY RZ
#A79 @515 196F BCTR TEST AND BRAMCH IF PRSS RERDY
QL9 517 BFEEER LODA. P8 LIST,RX  LORD R WITH FIRST BYTE OF
aBeL * NUMBER RDDRESSED BY RZ
@302 @51A EFESFL COMA, k@ LIST-NLEN. R2 COMPARE WITH FIRST BYTE OF
AAs7 ¥ NEXT NUMBER, RUDRESSED BY
Bac4 * P2-WLEN
@85 #9510 1974 ECTR. GT COML # IF GT, CONTINUE COMPARIMG

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.

FLOWCHART FOR SEARCH SORT FOR MULTIPLE-BYTE NUMBERS

ENTER

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

Preset index R3 to

the end of the list +1

RO - first
byte of number
addressed by

Decrement R3:
(R3)-WLEN —=R3

Is sort ready
(R3)= 0?

Set index R2;
(R3) —=R2

Set index R1
(R2) —=R1 (Index
actual largest numoer

Save index of
number following
actual largest

number in LAST

fo————

Save R2
(R2) —=SAVE

Set COM flag
(logic compare)

Comparison
of both numbers
complete

RETURN

Load RO with next
byte of actual
largest number

L

(RO)=similar
byte of number ad
dressed by R2?

Signed numbers
SIGN=0?

COM = 0, arith
metic compare

Load RO with first
byte of actual
largest number

(RO) > similar
byte of number ad
dressed by R2

Load R2 with saved
index SAVE

Decrement R2
(R2)—WLEN —=R2

Is search
ready?

RO - first

byte of number

addressed by
R2?

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

l

Decrement R1;
(R1)—-WLEN —=R1

Load R2 with saved
index SAVE

I D

Figure 15

Actual last

number=actual

largest number
?

Load RO with byte
of actual largest

number

Store RO in R2

Load RO with
similar byte of
actual last number.

l

Store RO in similar
place in actual
largest number

Y

Load RO with saved
byte of R2

:

Store RO in similar
place in actual last
number

Tncrement R1 and R3
(R1)+1 —=R1

(R3)+1 —>R3

Is exchange ready
(R1)=LAST?

Decrement index R3
(R3)-WLEN —R3

L |

HARDWARE AFFECTED

RO | R1 R2 | R3 | R |R2 R3’
REGISTERS
X X | X
B F |n spP
_— CC |IDC | RS |WC |OVF [ cOM| C
X | X X X X X

RAM REQUIRED (BYTES): 3

ROM REQUIRED (BYTES): 106

EXECUTION TIME: VARIABLE
MAXIMUM SUBROUTINE

NESTING LEVELS: NONE
ASSEMBLER/COMPILER USED: TWIN VER 1.0




THIN RSSEMBLER VEP 1 @

PROGRAM LISTING FOR SEARCH SORT FOR MULTIPLE-BYTE NUMBERS

PAGE 8092

LINE ADDR OBJECT E SOURCE

@51
352
0652
ac4
B3a55
aase
257
RE53
Ba59
a36a
22031
oeez
[
365
BREE
7
0868
S
w378
8871
4372
a7

74
BATE @S

/A7
878

m7e i

(L5
[L558
(235
LUK
aas4
Aegs

Aiea
B4Fa

#4F1
A4F2

@A

4F2
100
0600

Froe

@582 758
@504 976
a5es A7e4

B5aF (TRdF2

B512 BCA4FE
2515 %82
857 7982

*

¥ PL76ER6S *

*SEAPCH SOPTING SUBRROUTINE +

THIS PROGRAM SORTS A LIST OF MULTIPLE-BYTES NUMBERS
INTO THEIR INCPEMENTING ORDER. THE MAXIMUM NUMBER
OF BYTES IN THE LIST TO BE SORTED IS 256
THE START ADDRESS OF THE SORTING LIST IS 68@
THE MUMBEF OF BYTES IN ERCH NUMBER IS VARIABLE.
BUT IT MUST BE A POWER OF TWO. IN THIS CASE THE
LIST CONSISTS OF £4 NUMBERS OF 4 BYTES EACH
UPON ENTRY TO THIS SUEROUTIME, THE SIGN FLAG
INDICATES IF THE MUMBERS, TO BE SORTED
ARE SIGMED (R UNSIGNED

SIGN= NIT @ MERNS IINSIGNED NUMBERS

SIGN = & MERNC SIGNED NUMBERS
THE OFDER OF SORTING CAN BE CHANGED FROM AN
INCREMENTING TO A DECPEMENTIMG ORDER BY CHANGING
THE INSTPUCTIONS MARKED WITH A &
THE GPERTER THAN (GT) TESTS MUST BE
CHANGED TO LESS THAN (LT) TESTS AND VICE VERSA

I I I T T

[L3s] H4F8’
SIGN FES 1 SIGN FLAG: SIGN=@ SIGNED NUMBER
* SIGN= NOT 8 UNSIGNED NUMBER
SAVE RES 1 MEMORY LOCRTION TO SRYE INDEX R2
LRST RES i INDEX OF NUMBER WHICH FOLLOWS
* LAST NUMBER OF ACTUAL LIST

WLEN ECU 4 KORD LENGTH IN BYTES
*
ORG He@d”  LIST ADDRESS
LEN EQU 256 LIST LENGTH
LIST RES LEN
*
* SORTING SUBROUTINE
ORG H568”
SOPT PFSL COM LOGICAL COMPARE
CPEL  WC KITHOUT CReRY
LODI. k3 MLEN LOAD IMDEY P2
PRES SUBL R WLEN DECREMENT INDEX R2Z TO LAST NUMBER
* OF ACTUAL LIST
RETC. 2 FETURN IF SORT RERDY
SKIP LODZ B2 LOAD INDEY COUNTER R2
STRZ k2
MAM LODZ R2 SET INDEX R1i AT ACTUAL
STRZ M LARGEST NUMBER OF RCTUAL LIST
ADL'T, 8 NLEN
STRA, R LAST SAVE INDEX OF NUMBER WHICH
¥ FOLLOWS LAPGEST NUMBER OF
* ACTURL LIST

IF SIGN 1S 8, CLEAR COMPARE
SIGNED NUMBEPS
ELSE BRANCH. UNSIGNED NUMBER

LOA: LODA, F8 SIGN
ECFR. 2 LORL
Pl M

THIN AZCEMELER VEP L @

LIME RDCR DEJECT

MACE 8519 ADEAEA
: #540 Acipd
B51E EEFC
a9 152E 182R
@522 EECEAR

#4525 4975

4995 W57 1RE2

9 CE@4FL

ELadF2
2 @521 198

X A52Z ehiced
@526 EE2569

wSz9 1872
1€ U326 1999
ez
[GUH
a9

W16 G530 GEAFL
11 B54% 1843
A2 6542 BDMFE
717 @545 ASA4
A114 A547 AEA4FL
F115 BS4R 1845
G416 AS4C i
47 a%40 EL
#1418 @5d4E 1847
7113 7550
e
BS54 BFEEE
BSET CDESFF
2558 i
BSSE CFEAR
S BSSE 0EA%
. @568 EDB4FZ
27 0567 9aeR
) gES A7
23 G567 1FASAE

mfi e

LOAL
¥
L o

NEXT

EXCH

BFCH
¥

E SOURCE

LUCR, P@ LIST.PL

SUBL. R2 WLEN

PRGE @0@

FETCH FIRST BYTE OF ACTURL
LARGEST MUMBER
DECREMENT INCEX P2

COMIL, B2 DLIST-WLEN TEST AND ERRANCH IF SEARCH

BCTR, B0 EXCH
COMA P8 LIST, P2

BCTR, GT COMP

ECTR.LT MAVM

STRA, R2 SAYE
PPEL COM
COMA. P4 LAST
BCTR. EQ PSET
LODA, P LIST.FL
COMA, P LICT.R2,
BCTR, EG NEXT
ECTR. GT PSET

+ +

LODA, k2 SAYVE
ECTR, M MAYM
LODA. R4 LRST
SUBL RL WLEN
LODA. P2 SAVE
ECTR. UN LOR(:
Lz B2

[0 FA 5

BCTR, EQ ERCH

2 LODH. R LIST-1. P14

€Tz k2
LODA. RE LIST, B2
STRA. PE LIST-1. P4
Lz R

STRA, FB LIST. RZ
BIRF. P2 $+2
COMA. P4 LAST
BCFF, EQ EYC2
SUBL. P2 WLEN
ECTA. IN PRSS

END SORT

TOTRL RSSEMBLY ERFORS = Amva

Figure 16

IS READY

COMPRREE P2 WITH FIRST EYTE

0F NUMEEFR RDORECSED BY P2

# IF GT. THEN NUMPER RODRESSED
BY R4 IS STILL LARGEST MUMBER
% IF LT. THEN NEW RCTURL LAP-
GEST NUMBER 1S FOUND

ELSE COMPARE MEXT BYTES

OF EQTH MUMEERS

SAVE INDEY P2
LOGICAL COMPARE

TEST FAND ERANCH IF COMPARE OF
FOLLOWING BYTES IS RERDY
COMPHRE FOLLOWING BYTES

OF BOTH NUMBERS
BYTES EGUAL, THEN CONTINUE

# IF GT MUMEEF ADORECSED BY PA
IS STILL ACTUAL LARGEST NUMBER
ELSE MEM ACTUAL LARGEST NUMBER
IS FOUND
FETCH SAYED INDEY
NEW ACTURL LARGEST NUMBER, BRANCH
FECET INDEY. LARGEST NUMBER

FETCH SAVED INDEX F2

TEST IF LARGEST MUMEER 1S THE
SAME AZ THE LAST NUME OF THE
ACTURL LIST

+ EXCHANGE THE LRST NIMBER
OF THE ACTURL LIST AND THE
RCTURL LARGEST MUMBER OF

THE LIST

TEST AND BRANCH IF EXCHANGE
IS NOT RERDY

FECET INCEX B2

NEXT PASS

14



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-BY TE NUMBERS)

SORT

'

Initialize: 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 hist +1

RO

byte of number
addressed by
POINT 27

first

Decrement pointer 3
(POINT 3)-WLEN
—= POINT3

Is sort ready
(POINT 3)
=SLIS?

Set pointer 2
(POINT 3)»POINT 2]
e

y

Set pointer 1
(POINT 2)»POINT 1

Save address of
number following
actual last number

! RETURN '

-~

SAVE

Save POINT 2in

Set COM flag
(logical compare)

Comparison of
the two numoers
complete?

Load RO with next
byte of actual
largest number

RO

Signed numbers
SIGN=0?

Clear COM flag
arithmetic compare

Load RO with first
byte of actual
largest number

(RO)

Decrement pointer 2
(POINT 2)-WLEN
—= POINT 2

{Na

RO - first
byte of number
addressed by
POINT 2?

= similar
byte of number ad
dressed by
pointer 2

byte of number ad

dressed by

pointer 2
>

Load pointer 2

with SAVE

:

similar

Load pointer 1 with
saved address of
number following
actual last number

l

Decrement pointer 1
(POINT 1)-
WLEN —=POINT 1

Y

Load pointer 2
with SAVE

—

Actual last

number=actual

largest number
>

Figure 17

Load RO with byte
of actual largest
number

v

Load RO with
similar byte of
actual last number

Store byte in similar
place in actual
largest number

l

Fetch saved byte
out of R2

:

Store byte in similar
place in actual last
number

Increment R1 and
R3

Is exchange
ready (R1)-LAST?,

Decrement pointer 3
(POINT 3)
WLEN — POINT 3

L

HARDWARE AFFECTED
RO | R1 R2 | R3 [ R1" | R R3’
REGISTERS | X X | X
PSU F " SP
- CC |IDC | RS |WC |OVF | cOM| C
X X X X X X

RAM REQUIRED (BYTES):
ROM REQUIRED (BYTES):
EXECUTION TIME:

9

167

VARIABLE

MAXIMUM SUBROUTINE
NESTING LEVELS:

NONE

ASSEMBLER/COMPILER USED:

TWIN VER 1.0




PROGRAM LISTING FOR SEARCH SORT SUBROUTINE (256 EIGHT-BY TE NUMBERS)

TWIN ASSEMELEP. VER 1. @ PAGE 8642
LINE RDDR OEJECT E SOURCE

L:K5

eaz2 *  PD76@BSE *
aaz2
8834
2425

*

SEARCH SORTING SUBROUTINE *

THIS PROGRAM SORTS A LIST OF MULTIPLE-BYTE NUMBERS
INTO THEIR INCREMENTING ORDER. THE
START ADDRESS OF THE LIST IS H/SA@7. THE NUMBER OF
BYTES IN EACH MUMBER IS YARIABLE. EUT IT MUST BE A
POKER OF TWD. IN THIS CRSE THE LIST COMSISTS OF
25€ EIGHT-BYTE NUMBERS. LIPON ENTRY TO THIS
SUBROUTINE, THE SIGN FLAG INDICATES IF THE NUMBERS
ARE SIGNED OF UNCIGNED:
SIGN = NOT @ MEANS UNSIGNED NUMBERS.
SIGN = @ MEANC SIGNED MUMBERS.
THE OFDER OF SORTING CAN BE CHANGED FROM AN INCRE-
MENTING TO A DECREMENTING ORCEF EY CHANGING
THE INSTRUCTIONS MARKED WITH A &
THE GREATER THAN (GT) TESTS MUST BE
CHAMGED TO LESS THAN (LT) TESTS ANC VICE VERSA

EE R

L] H74F77
SIGN RES 1 SIGN FLAG: SIGN=8 SIGNED NUMBER
* SIGH= NOT @ UNSIGNED MUMBER
SRVE PES SAYED LOM-ORDER ADDRESS PUINTER 2
LAST PES SRYED INDEX OF NUMBER FOLLOWING
* ACTURL LARGEST NUMBER

o

8852 a4FA Al RES 2 HIGH ORDER ADDRESS POINTER 1
BASS BdFC AL2 PES 2 HIGH CRDEF ADDRESS PDINTER 2
AAEH B4FE A0z FES 2 HIGH OFDER ADDRESS POINTER 3
a1 *

8262 659 oG H 58a’

[ SLIS RES H'gad’  START ADDRESS OF SCRTING LIST
BeE4 B0AD ELIS PES 1 END RDDRESS OF SORTING LIST
@965 BAae HLEN EQU 3 WORD LENGTH (BYTES)

(L2 t

HAE7 aDed 2] H’ 4487

BAcE @44y 7782 SORT PPSL oM LOGICAL COMPARE

BRES B442 7IA2 CPSL HC NITHOUT CARRY

AB7A @444 B4BE LODL, R >ELIS SET LON-ORDER ADDRESS OF INDIRECT
971 B44€ (CR4FE CTPA. P2 AD1+1 RODRESS

AA72 #4439 CLB4FD STRA. 8 ADZ+L

AB7T 0440 CLAYFF STRA. PA ADZ+1

74 D44F a7aD LODI. R2 <ELIS SET POINTER AT THE END OF THE
AA7S 3451 CFA4FE STRA. RX ADZ SORTING LICT

6A76 2474 8700 LODL P2 DELIS

3377 8456 ACR4FE PRSS LODA, PR ADZ TEST AND RETURN IF SORT IS
BATR 3459 584R ERMR. RZ PHEL PERDY

@479 @458 E405 COML, R& <SLIS

#359 8450 14 RETC. EQ

@21 @45E Foew EDRE, PR $+2 DECREMENT POINTER 3 TO LAST NUMBER
PARZ @464 CCR4FE STRA, P@ AD2 OF ACTUAL LIST

BAC G462 A78C PRSL SURL R2 WLEN

14324 A4ES CCB4FC STRA, PR ADZ SET POINTER 2 AT LRST NUMBER OF
0325 G468 B2 Lz R2 THE ACTURL LIST

Qa06 A4eS C2 STRZ R2

HAET B4ER BCA4FC MAXM LODR, P& AD2 SET POINTER 1 AT THE ACTURL
G693 @40 CCO4FR STRA, k@ ADL LARGEST NUMBER OF THE ACTUAL
6829 @478 62 Loz R2 LIST

A% @471 (1 STRZ R

Figure 18




THIN RSSEMBLEF VER 1.8

LIME ADDR  OBJECT E SOURCE

8091 @472 8468
0@92 @474 CCadFS
7893
3054 #477 @LO4F7
Y5 A47H 9082
BE%E B47C 7562
9897 M47E ADE4FA
aace

8099 8421 SREE
@109 G437 BER4FC
0104 2486 E€AS
7102 #4892 1835
3102 e48R FAERA
81084 G430 CEB4FC
105 B4SF 2een
A165 @491 AoEE
7167 8493 EEE4FC
@103

1B A496 1969
6116

6111 #45€ 1R5A
8112

8113

6114

7115 P49 CEB4FS
G116 @490 7762
3117 O49F EDB4FY
7118 @4A2 1210
e119

8129 @4A4 BOR4FA
0121 #4A7 EER4FC
8122 B4AA 1872
#12% B4AC 1906
124

8125

e12¢

8127

6120 B4AE BEGYFR
129 @481 1F@4ER
@129 @484 ADB4F9
@121 A4E7 ASA2
B4E9 PER4FE
B4EC 1FB4T77
@134 G4BF 02
@125 3408 K1
P13 B4C1 9808
7127 @4C2 BCE4FE
@428 B4l ECHAFA
8139 B4C9 1819
#1468 W4CE BDE4FR
#1441 B4CE C2
8142 B4(F BFE4FE
8143 @4D2 CDE4FR
0144 @405 @2
8145 84D6 CFE4FE
3146 @409 [EeA
6147 3408 D900
7148 8400 EDB4FY
8149 B4EG IBEY
@158 B4E2 H79S
#4151 B4E4 1F@dSE
8152

6157 @448

*

LOAD

LORL
*

comp

CoMt

* * %

PSET

EXCH

EXC1

EXC2
*

ADDI, R WLEN
STRA, RO LAST

LODA, R SIGN
BCFR, 2 LORL
CPSL  COM
LODA, RB *ADL. P1

BRNR. F2 COML
LODA, k2 RD2
COMI, F2 ZSLIS
BCTR. EQ EXCH
BOPR. R2 $+42
STRA. R2 A2
LODL, R2 @

SUBL 2 HLEN
COMA, k2 xAD2, P2

BCTR, GT COMP

BCTR, LT MAXM

STRA, R2 SAVE
Lo O
COMA, R LAST
ECTR, EQ RSET

LODA, P& +ADL, R, +
COMA, R +AD2, R2, +
BCTR, EQ NEXT
BCTR, GT RSET

LODR. P2 SAVE
BCTA, LN MASN
LODR, P4 LAST
SUBL RA WLEN
LODR, R2 SAVE
BCTA. N LORD
Loz R3
oz M
ECFR, EQ EXC1
LODR, 2 ADZ
COMA, F6 ADL
BCTR, EQ EXCZ
LODR, P8 *R0L, 1
TPz B2
LODR, R *ADZ, R3
STRA, RE +AD1, R1
Lz k2
STRA, P8 +AD3, R3
BIRR, P $+2
BIRR, P $+2
COMA, P4 LAST
BCFR, EQ EXCH
SUBL, P2 WLEN
ECTA, IN PASS

END SORT

TOTRL ASSEMELY ERRORS = 6260

Figure 18

PROGRAM LISTING FOR SEARCH SORT SUBROUTINE (256 EIGHT-BY TE NUMBERS) (Cont.)

PAGE 8603

SAVE INDEX OF NUMBER FOLLOWING
THE LAST NUMBER OF THE ACTUAL
LIST
IF SIGN IS @, SET COMPARE, SIGNED
NUMBER.  ELSE CLEAR COMPAKE,
UNSIGNED NUMBERS

LORD R® WITH FIRST BYTE OF
ACTUAL LARGEST NUMBER
TEST AND BRANCH TO EXCH IF
SEARCH IS RERDY.

DECREMENT POINTER 2

COMPRRE ACTURL LARGEST WORD
WITH WORD ADDRESSED BY POINT 2
#IF GT, THEN IT IS STILL
ACTUARL LARGEST NUMEER

#IF LT, THEN NEW ACTUAL
LARGEST NUMBER IS FOUND
ELSE COMPARE NEXT BYTES OF
BOTH NUMBERS.

SAVE POINTER 2

LOGICAL COMPARE

TEST AND BRANCH IF COMPARE OF
THE FOLLOWING BYTES OF THE
THO NUMBERS IS READY
COMPARE FOLLONING BYTES

OF BOTH NUMBERS

IF EQUAL, CONTINUE

# IF GT, NUMBER ADDRESSED BY
POINTER 1 IS STILL ACTUAL
LARGEST NUMEER

ELSE NEW ACTUAL LARGEST
NMBER FOUND

FETCH SRYED POINTER 2

PESET POINTER 1 AND
POINTER 2

TEST RND BFANCH TO EXC2 IF
ACTURL LARGEST NUMBER IS
SAME RS THE LRST NUMBER OF
THE RCTUAL LIST

EXCHANGE ACTUAL LRST NUMBER
AND LAST NUMBER (F RCTUAL
LIST.

INCREMENT BOTH POINTERS.

TEST AND BRANCH TO EXCL IF
EXCHANGE IS NOT RERDY
RESET POINTER 3

CONTINUE NEW PRSS







Related 2650 publications

no. title summary
ASS0 Serial Input/Output Using the Sense/Flag capability of the 2650 for serial I/O interfaces.
ASS1 Bit & Byte Testing Procedures Several methods of testing the contents of the internal registers in the 2650.
AS52 General Delay Routines Several time delay routines for the 2650, including formulas for calculating the
delay time.
AS52 Binary Arithmetic Routines Examples for processing binary arithmetic addition, subtraction, multiplication, and
division with the 2650.
AS54 Conversion Routines e FEight-bit unsigned binary to BCD
e Sixteen-bit signed binary to BCD
e Signed BCD to binary
e Signed BCD to ASCH
e ASCII to BCD
e Hexadecimal to ASCII
e ASCII to Hexadecimal
ASSS Fixed Point Decimal Arithmetic Methods of performing addition, subtraction, multiplication and division of BCD
numbers with the 2650.
SPS0 2650 Evaluation Printed Circuit Board Detailed description of the PC1001, an evaluation and design tool for the 2650.
(PC1001)
SP51 2650 Demo System Detailed description of the Demo System, a hardware base for use with the 2650 CPU
prototyping board (PC1001 or PC1500).
SP52 Support Software for use with the NCSS Step-by-step procedures for generating, editing, assembling, punching, and simulating
Timesharing System Signetics 2650 programs using the NCSS timesharing service.
SP53 Simulator, Version 1.2 Features and characteristics of version 1.2 of the 2650 simulator.
SP54 Support Software for use with the General Step-by-step procedures for generating, editing, assembling, simulating, and punching
Electric Mark III Timesharing System Signetics 2650 programs using General Electric’s Mark III timesharing system.
SP55 The ABC 1500 Adaptable Board Computer Describes the components and applications of the ABC 1500 system development card.
SS50 PIPBUG Detailed description of PIPBUG, a monitor program designed for use with the 2650.
SS51 Absolute Object Format Describes the absolute object code format for the 2650.
MP51 Initialization Procedures for initializing the 2650 microprocessor, memory, and I/O devices to their
required initial states.
MPS52 Low-Cost Clock Generator Circuits Several clock generator circuits, based on 7400 series TTL, that may be used with the
2650. They include RC, LC and crystal oscillator types.
MPS3 Address and Data Bus Interfacing Examples of interfacing the 2650 address and data busses with ROMs and RAMs, such
Techniques as the 2608, 2606 and 2602.
MP54 2650 Input/Output Structures and Examines the use of the 2650’s versatile set of I/O instructions and the interface
Interfaces between the 2650 and I/O ports. A number of application examples for both serial
and parallel [/O are given.
TN 064 Digital cassette interface for a 2650 Interface hardware and software for the Philips DCR digital cassette drive.
microprocessor system
TN 069 2650 Microprocessor keyboard interfaces Simple interfaces for low-cost keyboard systems.
TN 072 Introducing the Signetics 2651 PCI Description of the 2651 Programmable Communications Interface IC.
Terminology and operation modes
TN 083 Using the Signetics 2651 PCI with popular Simple hardware interfaces to use the 2651 Programmable Communications
microprocessors Interface with various microprocessors.
TN 084 Using seven-segment LED display with the Interfaces for single and multi-digit LED displays.
2650 microprocessor
TN 085 Cyclic redundancy check by software A short routine to encode and decode CRC check characters for the 2650.
TN 086 Introducing the Signetics 2655 PPI Description of the 2655 Programmable Peripheral Interface.
TN 087 Audio cassette recorder interface for the Economical alternatives to the digital cassette recorder.
2650 microprocessor
TN 089 CRT display using a standard TV monitor for Economical solution for a visual display unit

2650-based microcomputers
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Belgium: M.B.L.E., 80, rue des Deux Gares, B-1070 BRUXELLES, Tel 523 00 00.
Brazil: IBRAPE, Caixa Postal 7383, Av. Paulista 2073-S/Loja, SAO PAULO, SP, Tel. 284-4511
Canada: PHILIPS ELECTRONICS LTD., Electron Devices Div., 601 Milner Ave., SCARBOROUGH, Ontario, M1B 1M8, Tel. 292-5161
Chile: PHILIPS CHILENA S.A., Av. Santa Maria 0760, SANTIAGO, Tel. 39-40 01
Colombia: SADAPE S.A., P.O. Box 9805, Calle 13, No. 51 + 39, BOGOTAD.E. 1., Tel. 600 600
Denmark: MINIWATT A/S, Emdrupvej 115A, DK-2400 KOBENHAVN NV, Tel. (01) 69 16 22
Finland: OY PHILIPS AB, Eilcoma Division, Kaivokatu 8, SF-00100 HELSINKI 10, Tel. 172 71.
France: R.T.C. LA RADIOTECHNIQUE-COMPELEC, 130 Avenue Ledru Rollin, F-75540 PARIS 11, Tel. 355-44-99
Germany: VALVO, UB Bauelemente der Philips G.m.b.H., Valvo Haus, Burchardstrasse 19, D-2 HAMBURG 1, Tel. (040) 3296-1.
Greece: PHILIPS S.A. HELLENIQUE, Elcoma Division, 52, Av. Syngrou, ATHENS, Tel. 915311
Hong Kong: PHILIPS HONG KONG LTD., Comp. Dept., Philips Ind. Bldg., Kung Yip St., K.C.T.L. 289, KWAI CHUNG, N.T. Tel. 12-24 51 21
India: PHILIPS INDIA LTD., Elcoma Div., Band Box House, 254-D, Dr. Annie Besant Rd., Prabhadevi, BOMBAY-25-DD, Tel. 457 311-5
Indonesia: P.T. PHILIPS-RALIN ELECTRONICS, Elcoma Division, ‘Timah’ Building, JI. Jen. Gatot Subroto, JAKARTA, Tel. 44 163.
Ireland: PHILIPS ELECTRICAL (IRELAND)LTD., Newstead, Clonskeagh, DUBLIN 14, Tel. 69 33 55
Italy: PHILIPS S.p.A., Sezione Elcoma, Piazza IV Novembre 3, I-20124 MILANO, Tel. 2-6994.
Japan: NIHON PHILIPS CORP., Shuwa Shinagawa Bldg., 26-33 Takanawa 3-chome, Minato-ku, TOKYO (108), Tel. 448-5611
(IC Products) SIGNETICS JAPAN, LTD., TOKYO, Tel. (03) 230-1521
Korea: PHILIPS ELECTRONICS (KOREA)LTD., Elcoma Division, Philips House, 260-199 Itaewon-dong, Yongsan-ku, SEOUL, Tel. 794-4202
Mexico: ELECTRONICA S.A. de C.V., Varsovia No. 36, MEXICO 6, D.F., Tel. 533-11-80
Netherlands: PHILIPS NEDERLAND B.V., Afd. Elonco, Boschdijk 525, NL 5600 PD EINDHOVEN, Tel. (040) 7933 33
New Zealand: PHILIPS Electrical Ind. Ltd., Elcoma Division, 2 Wagener Place, St. Lukes, AUCKLAND, Tel. 867 119
Norway: NORSK A/S PHILIPS, Electronica Dept., Vitaminveien 11, Grefsen, OSLO 4, Tel. (02) 1505 90
Peru: CADESA, Rocca de Vergallo 247, LIMA 17, Tel. 62 85 99.
Philippines: ELDAC, Philips Industrial Dev. Inc., 2246 Pasong Tamo, MAKATI-RIZAL, Tel. 86-89-51 to 59
Portugal PHILIPS PORTUGESA S.A.R.L., Av. Eng. Duharte Pacheco 6, LISBOA 1, Tel. 68 31 21
Singapore: PHILIPS SINGAPORE PTE LTD., Elcoma Div., P.O.B. 340, Toa Payoh CPO, Lorong 1, Toa Payoh, SINGAPORE 12, Tel. 5388 11.
South Africa: EDAC (Pty.) Ltd., South Park Lane, New Doornfontein, JOHANNESBURG 2001, Tel. 24/6701
Spain: COPRESA S.A., Balmes 22, BARCELONA 7, Tel. 30163 12
Sweden: A.B. ELCOMA, Lidingovagen 50, S-10250 STOCKHOLM 27, Tel. 08/67 97 80
Switzerland: PHILIPS A.G., Elcoma Dept., Edenstrasse 20, CH-8027 ZURICH, Tel. 01/44 22 11
Taiwan: PHILIPS TAIWAN LTD., 3rd Fl., San Min Building, 57-1, Chung Shan N. Rd, Section 2, P.O. Box 22978, TAIPEI, Tel 5513101-5
Turkey: TURK PHILIPS TICARET A.S., EMET Department, Inonu Cad. No. 78-80, ISTANBUL, Tel. 4359 10
United Kingdom: MULLARD LTD., Mullard House, Torrington Place, LONDON WC1E 7HD, Tel. 01-580 6633
United States: (Active devices & Materials) AMPEREX SALES CORP., Providence Pike, SLATERSVILLE, R.l. 02876, Tel. (401) 762-3000
(Passive devices) MEPCO/ELECTRA INC., Columbia Rd., MORRISTOWN, N.J. 07960, Tel. (201) 539-2000
(IC Products) SIGNETICS CORPORATION, 811 East Arques Avenue, SUNNYVALE, California 94086, Tel. (408) 739-7700
Uruguay: LUZILECTRON S.A., Rondeau 1567, piso 5, MONTEVIDEO, Tel. 943 21
Venezuela: IND. VENEZOLANAS PHILIPS S A, Elcoma Dept., A. Ppal de los Ruices, Edif. Centro Colgate, CARACAS, Tel. 36 05 11
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