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Introduction

_IWho are we?
= John Dravnieks, IBM Australia

= John Ehrman, IBM Silicon Valley Lab

= Michael Stack, Department of Computer
Science, Northern Illinois University



Introduction

_Who are you?

= An applications programmer who needs to
write something in S/390 assembler?

= An applications programmer who wants to
understand S/390 architecture so as to better
understand how HLL programs work?

= A manager who needs to have a general
understanding of assembler?

_10Our goal 1s to provide for professionals an
introduction to the S/390 assembly language



Introduction

_I'These sessions are based on notes from a
course 1n assembler language at Northern
Illinois University

_1'The notes are 1n turn based on the textbook,
Assembler Language with ASSIST and
ASSIST/I by Ross A Overbeek and W E
Singletary, Fourth Edition, published by
Macmillan




Introduction

_1'The original ASSIST (Assembler System for
Student Instruction and Systems Teaching)
was written by John Mashey at Penn State
University

_IASSIST/I, the PC version of ASSIST, was
written by Bob Baker, Terry Disz and John
McCharen at Northern Illinois University



Introduction

_1Both ASSIST and ASSIST/I are in the public

domain, and are compatible with the
System/370 architecture of about 1975 (fine
for beginners)

_1Both ASSIST and ASSIST/I are available at
http://www.cs.niu.edu/~mstack/assist



Introduction

_1Other materials described in these sessions
can be found at the same site, at
http://www.cs.niu.edu/~mstack/share

_|Please keep 1n mind that ASSIST and
ASSIST/I are not supported by Penn State,
NIU, or any of us



Introduction

_1Other references used in the course at NIU:
= Principles of Operation
= System/370 Reference Summary
= High Level Assembler Language Reference

_IAccess to PoO and HLASM Ref is normally
online at the IBM publications web site

_IStudents use the S/370 "green card" booklet

all the time, including during examinations
(SA22-7209)



Our Agenda for the Week

_ISession 8181: Numbers and Basic
Arithmetic

_1Session 8182: Instructions and Addressing

_ISession 8183: Assembly and Execution;
Branching




Our Agenda for the Week

_ISession 8184: Arithmetic; Program
Structures

_ISession 8185: Decimal and Logical
Instructions

_ISession 8186: Assembler Lab Using
ASSIST/I



Today's Agenda

_IAssembly of a Complete Program

_Execution of a Complete Program
_!Implicit Addresses and USING
_ The Condition Code and Branching

_I X-Instructions and ASSIST



‘ Assembly of a
' Complete Program

P

P, In Which We Take Baby
Steps and are Amazed at
How a Program Works!

é 4



A Complete Program

_| Yesterday, we introduced a few instructions
and used them to create a complete, if short,
program

_|'Today, we will analyze the object code
generated by the assembly of the program,
then look at what happens when ASSIST/I
executes the program

_1"Object code - nothing else matters"



First Demo Program, Source List
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First Demo Program, Assembled

L OCLLIOBI ECTHCODELLSOURCELISTATEMENT

000000 LN HHHiADD2 LILHHICSECT

0000001581 00LFO1 0 0L e, 16(, 15)
00000415820 0F014 oo Lo, 20(, 15)
000008 1AL 2 LTI HHHHOARCI T R, 2
O00OO0O0ALBKLO10LFO1 8 I I OIS TLLO L, 24(, 15)
OOOOOELD7FELLIINHHOBCROEB 11117, 14
000010L100000004 L HHDCHA R 4°
0000140000000 6 L HHHIDCHHI R 6°
000018 oo HHODS A TR
OO OO OO CHAOENDUCHADD2



First Demo Program, Assembled

L OCLLIOBI ECTHCODELLSOURCELISTATEMENT

000000 LN HHHiADD2 LILHHICSECT
000000058100F010HEEEEEEEEEEEEL OO0, 16(, 15)
00000415820 0F014 oo Lo, 20(, 15)
000008 1AL 2 LTI HHHHOARCI T R, 2
O00OO0O0ALBKLO10LFO1 8 I I OIS TLLO L, 24(, 15)
OOOOOELD7FELLIINHHOBCROEB 11117, 14
000010L100000004 L HHDCHA R 4°
0000140000000 6 L HHHIDCHHI R 6°

000018 oo HHODS A TR
OO OO OO CHAOENDUCHADD2




First Demo Program, Assembled

L OCLLIOBI ECTHCODELLSOURCELISTATEMENT

000000 LN HHHiADD2 LILHHICSECT
0000001581 00LFO1 0 0L e, 16(, 15)
00000415820 [F014 HEEEEE5E5EEEH 000002, 20(, 15)
000008 1AL 2 LTI HHHHOARCI T R, 2
O00OO0O0ALBKLO10LFO1 8 I I OIS TLLO L, 24(, 15)
OOOOOELD7FELLIINHHOBCROEB 11117, 14
000010L100000004 L HHDCHA R 4°
0000140000000 6 L HHHIDCHHI R 6°

000018 oo HHODS A TR
OO OO OO CHAOENDUCHADD2




First Demo Program, Assembled

L OCLLIOBI ECTHCODELLSOURCELISTATEMENT

000000 LN HHHiADD2 LILHHICSECT
0000001581 00LFO1 0 0L e, 16(, 15)
00000415820 0F014 oo Lo, 20(, 15)
0000081 A1 2 HHHEHHEEEHHEEEEEEEHARL LA, 2
O00OO0O0ALBKLO10LFO1 8 I I OIS TLLO L, 24(, 15)
OOOOOELD7FELLIINHHOBCROEB 11117, 14
000010L100000004 L HHDCHA R 4°
0000140000000 6 L HHHIDCHHI R 6°

000018 oo HHODS A TR
OO OO OO CHAOENDUCHADD2




First Demo Program, Assembled

L OCLLIOBI ECTHCODELLSOURCELISTATEMENT

000000 DI00OD00000000ADD2 OOOCSECT
0000005810F0 10 I00000000000L 000001, 16(, 15)
00000415820 0F0 14 00000000000 0000002, 20( , 15)
00000811 A2 IIIIIOOOOO0O000000AROOO L, 2
00000A5010F018BEEEEEA0aaES T L, 24(, 15)
00000EN07 FENIOIOOO000O000000BCROOO B! 1111, 14
000010000000004 000I00000000DCOIOF 4
000014000000006 IIII000000ODCOOOF 6
000018 IIINIIDI00OD0000D0000O0ODSOO000F
(NOOOCOOCOCO0C0C00CO000000000CENDOCCADD?




First Demo Program, Assembled

L OCLLIOBI ECTHCODELLSOURCELISTATEMENT

000000 LN HHHiADD2 LILHHICSECT

0000001581 00LFO1 0 0L e, 16(, 15)
00000415820 0F014 oo Lo, 20(, 15)
000008 1AL 2 LTI HHHHOARCI T R, 2
O00OO0O0ALBKLO10LFO1 8 I I OIS TLLO L, 24(, 15)
00000EL0 7 FEBEEEEEEEEEEEEEEEEEBCRIIIB 11117, 14
000010L100000004 L HHDCHA R 4°
0000140000000 6 L HHHIDCHHI R 6°
000018 oo HHODS A TR
OO OO OO CHAOENDUCHADD2
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First Demo Program, Assembled

L OCLLIOBI ECTHCODELLSOURCELISTATEMENT

000000 LN HHHiADD2 LILHHICSECT

0000001581 00LFO1 0 0L e, 16(, 15)
00000415820 0F014 oo Lo, 20(, 15)
000008 1AL 2 LTI HHHHOARCI T R, 2
O00OO0O0ALBKLO10LFO1 8 I I OIS TLLO L, 24(, 15)
OOOOOELD7FELLIINHHOBCROEB 11117, 14
000010000000004 BE=EEEEEEEHEEEDCH R 4
0000140000000 6 L HHHIDCHHI R 6°
000018 oo HHODS A TR
OO OO OO CHAOENDUCHADD2
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First Demo Program, Assembled

L OCLLIOBI ECTHCODELLSOURCELISTATEMENT

000000 LN HHHiADD2 LILHHICSECT

0000001581 00LFO1 0 0L e, 16(, 15)
00000415820 0F014 oo Lo, 20(, 15)
000008 1AL 2 LTI HHHHOARCI T R, 2
O00OO0O0ALBKLO10LFO1 8 I I OIS TLLO L, 24(, 15)
OOOOOELD7FELLIINHHOBCROEB 11117, 14
000010L100000004 L HHDCHA R 4°
000014100000006 BE=EEEEEEEEHEEEDCHIF 6
000018 oo HHODS A TR
OO OO OO CHAOENDUCHADD2
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First Demo Program, Assembled

L OCLLIOBI ECTHCODELLSOURCELISTATEMENT

000000 LN HHHiADD2 LILHHICSECT

0000001581 00LFO1 0 0L e, 16(, 15)
00000415820 0F014 oo Lo, 20(, 15)
000008 1AL 2 LTI HHHHOARCI T R, 2
O00OO0O0ALBKLO10LFO1 8 I I OIS TLLO L, 24(, 15)
OOOOOELD7FELLIINHHOBCROEB 11117, 14
000010L100000004 L HHDCHA R 4°
0000140000000 6 L HHHIDCHHI R 6°
000018 EEEEEO00000000DST TR
OO OO OO CHAOENDUCHADD2
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First Demo Program, Assembled

L OCLLIOBI ECTHCODELLSOURCELISTATEMENT

ECT
(0000, 16(, 15)
OO0, 20(, 15)
000, 2

(0000, 24(, 15)
OB’ 1111', 14

000000 LI HADD2 |
00000058100FO1 0 L e
000004 [58201F014 LIHHHHHHHHHHHL
000008 1AL 2 LTI A
00000ALKO10LFOI 8 LIS
O0O0O0O0ELD 7 FELLI o8
000010L100000004 LI
000014100000006 LI
000018 oo HHEED
IR RN EEENEEEEEEEE =
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First Demo Program, Assembled

L OCLLIOBI ECTHCODELLSOURCELISTATEMENT

000000 LN HHHiADD2 LILHHICSECT

000000581 00F0 10 HEEFOOOOO0000L OO0, 16(, 15)
000004 5820UF0 14 L OO0oiiHL Lo, 20(, 15)
000008 1AL 2 LTI O HHHHUARCIC R, 2
O00O0O0O0ALBO10LFO1 8L I I OIS TLLO L, 24(, 15)
OOOOOELD 7 FELLIINHHOoOHOBCROEB 11117, 14
000010000000004 =R OIOOIODCHOOF 4
0000140000000 6 L HHHIDCHHI R 6°
000018 oo HHODS A TR
OO OO OO CHAOENDUCHADD2
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First Demo Program, Assembled

L OCLLIOBI ECTHCODELLSOURCELISTATEMENT

000000 LN HHHiADD2 LILHHICSECT
0000001581 00LFO1 0 0L e, 16(, 15)
00000415820[F014 B oL Lo, 20(, 15)

0000081 AL 2 LIt

OO OOOAROOEL, 2

O00O0OO0O0ALBLO10LFOI 8 I I OIS TLLO ., 24(, 15)

00000ELD 7 FELHH

OOOOOOBCROOOEB 11117, 14

000010L100000004 L HHIDCHA R 4°

0000140000000060
000018 e
INEEEEREEENEEEEEEEEN

ANRENNEND CRRNNN o)
OO ODS OO
LOOEOOOECENDUOEADD2
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First Demo Program, Assembled

L OCLLIOBI ECTHCODELLSOURCELISTATEMENT

000000 LN HHHiADD2 LILHHICSECT

0000001581 00LFO1 0 0L e, 16(, 15)
00000415820 0F014 oo Lo, 20(, 15)
000008 1AL 2 LTI HHHHOARCI T R, 2
00000ALBKO0100UFO18HHH T I OOSTLLO, 24(, 15)
OOOOOELD 7 FELLIINHHoOHOBCROEB 11117, 14
000010L100000004 L HHHIDCHA R 4°
0000140000000 6 L HHHIDCHI R 6°

0000180

NN RN EPS NN NN o

OO OO OO CHAOENDUCHADD2
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c Execution of a
' Complete Program

P

7
3

In Which We See the World
Go By in Single Steps

-

7




ADD2 Program Before Execution

PSWIATUBREAKLILLFFC50000L0F000000

RO- 701 UFAF4AFAFAUFAFAFAFALFAFAFAFALFAFAFAFAFAFAFAFAUFAFAFAFALFAFAFAFALFAFAFAF4
R8- 15: LLFAFAF4AFALFAFAFAFALFAFAFAFALFAFAFAFALFAF4F4F411000000200000000681100000000

000000 5810F01016820F014 L1 11A125010LLFO180 7 FELILIL LK. . 0. . . . ... & . ... *
000010I00000004 L I00000006 LIIFS FS FS FS LILILIFS FS FS FS LILIL L . . .. s 55555555*
000020 RS FS FS FS LIRS FS FS FS LILFS FS FS FS LILFS FS FS FS LI F 5555555555555555*
000030FS FS FS FS LIRS FS FS FS LILLFS FS FS FS LILFS FS FS FS LI F 5555555555555555*
000040 S FS FS FS LIRS FS FS FS LILLFS FS FS FS LIRS FS FS FS LI F 5555555555555555*
000050 HHFS FS FS FS LIRS FS FS FS LIFS FS FS FS LIRS FS FS FS LI F 5555555555555555*
000060 L LFSFSFS FS LIRS FS FS FS LIFS FSFS FS LI FS FS FS FS LI F 5555555555555555*
000070 FSFSFS FS LIRS FS FS FS LILFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
000080 LLFS FSFS FS LIRS FS FS FS LILFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
000090 L FS FSFS FS LIRS FS FS FS LILFS FSFS FS LI FS FS FS FS LI F 5555555555555555*
O0000A0LLFS FSFS FS LIRS FS FS FS LIFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
0000BO RS FSFS FS LIRS FS FS FS LIS FSFS FS LILIFS FS FS FS LI 5555555555555555*
00000 RS FS FS FS LIRS FS FS FS LILFS FS FS FS LILFS FS FS FS LI 5555555555555555*
0000 D0 RS FSFS FS LIRS FS FS FS LIS FSFS FS LILIFS FS FS FS LI 5555555555555555*
0000E0 RS FSFS FS LIRS FS FS FS LILFS FSFS FS LI FS FS FS FS LI 5555555555555555*
O0000FOFS FSFS FS LIRS FS FS FS LIFS FSFS FS LILIFS FS FS FS LI 5555555555555555*

[(F==>0B(rkpt.), D(unp), F o), (Menory), (IP(SW, Quit), R(eg.), OS(tep), UT(race)
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— =2 Program Before Execution

Here is our
Program re56000m0F000000
loaded into
memory FACFAFAFAFACFAFAFAFATFAFAFAFATFAFAFAFACFAFAFAFACFAFAFAFACFAFAFAFA
«MDF4F4F4F4DF4F4F4F4DF4F4F4F4DF4F4F4F4DOOOOOOZO[DOOOOOGSIZDOOOOOOO
000000 T5810F0 10T TE820F014 T A125010F01807 FEITII . . 0. . . . . .. & ... .
0000100000004 TD0000006 T F5F5F5F5 MESF5FEFS T . . . . . . . . 55555555

000020 RS FS FS FS LIRS FS FS FS LILFS FS FS FS LILFS FS FS FS LI F 5555555555555555*
000030FS FS FS FS LIRS FS FS FS LILLFS FS FS FS LILFS FS FS FS LI F 5555555555555555*
000040 S FS FS FS LIRS FS FS FS LILLFS FS FS FS LIRS FS FS FS LI F 5555555555555555*
000050 HHFS FS FS FS LIRS FS FS FS LIFS FS FS FS LIRS FS FS FS LI F 5555555555555555*
000060 L LFSFSFS FS LIRS FS FS FS LIFS FSFS FS LI FS FS FS FS LI F 5555555555555555*
000070 FSFSFS FS LIRS FS FS FS LILFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
000080 LLFS FSFS FS LIRS FS FS FS LILFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
000090 L FS FSFS FS LIRS FS FS FS LILFS FSFS FS LI FS FS FS FS LI F 5555555555555555*
O0000A0LLFS FSFS FS LIRS FS FS FS LIFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
0000BO RS FSFS FS LIRS FS FS FS LIS FSFS FS LILIFS FS FS FS LI 5555555555555555*
00000 RS FS FS FS LIRS FS FS FS LILFS FS FS FS LILFS FS FS FS LI 5555555555555555*
0000 D0 RS FSFS FS LIRS FS FS FS LIS FSFS FS LILIFS FS FS FS LI 5555555555555555*
0000E0 RS FSFS FS LIRS FS FS FS LILFS FSFS FS LI FS FS FS FS LI 5555555555555555*
O0000FOFS FSFS FS LIRS FS FS FS LIFS FSFS FS LILIFS FS FS FS LI 5555555555555555*

[(F==>0B(rkpt.), D(unp), F o), (Menory), (IP(SW, Quit), R(eg.), OS(tep), UT(race)
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ADD2 Program Before Exe~-t'=x

Address of

the first
instruction
RO- 701 (F4FAFAF4FAFAFAFALFAFAFAFAFAFAFAFAFAFAFAFALFAFAFAFAFAFAFARNF4FAF4F4

PSWIATUBREAKLILLFFC50000L0F000000

R8- 15: LLIFAFAF4AFALFAFAFAFALFAFAFAFALFAFAFAFALFAF4F4F411000000200000000681100000000

0000005810 F010 [« 2

000010DDDDDDEDOOOOOO4DDEDOOOOOOGDDDFSFSFSFSDDDFSFSFSFSDDDDDDD* ........ 55555555*
000020 RS FS FS FS LIRS FS FS FS LILFS FS FS FS LILFS FS FS FS LI F 5555555555555555*
000030FS FS FS FS LIRS FS FS FS LILLFS FS FS FS LILFS FS FS FS LI F 5555555555555555*
000040 S FS FS FS LIRS FS FS FS LILLFS FS FS FS LIRS FS FS FS LI F 5555555555555555*
000050 HHFS FS FS FS LIRS FS FS FS LIFS FS FS FS LIRS FS FS FS LI F 5555555555555555*
000060 L LFSFSFS FS LIRS FS FS FS LIFS FSFS FS LI FS FS FS FS LI F 5555555555555555*
000070 FSFSFS FS LIRS FS FS FS LILFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
000080 LLFS FSFS FS LIRS FS FS FS LILFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
000090 L FS FSFS FS LIRS FS FS FS LILFS FSFS FS LI FS FS FS FS LI F 5555555555555555*
O0000A0LLFS FSFS FS LIRS FS FS FS LIFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
0000BO RS FSFS FS LIRS FS FS FS LIS FSFS FS LILIFS FS FS FS LI 5555555555555555*
00000 RS FS FS FS LIRS FS FS FS LILFS FS FS FS LILFS FS FS FS LI 5555555555555555*
0000 D0 RS FSFS FS LIRS FS FS FS LIS FSFS FS LILIFS FS FS FS LI 5555555555555555*
0000E0 RS FSFS FS LIRS FS FS FS LILFS FSFS FS LI FS FS FS FS LI 5555555555555555*
O0000FOFS FSFS FS LIRS FS FS FS LIFS FSFS FS LILIFS FS FS FS LI 5555555555555555*

[(F==>0B(rkpt.), D(unp), F o), (Menory), (IP(SW, Quit), R(eg.), OS(tep), UT(race)
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Address of

ADD]  henes Lm Before Execution

N
PSWIATUBREAKLILLFFC500000KO00000

RO- 701 UF4AF4AFAFAUFAFAFAFALFAFAFAFAHAFAFAFAFAFAFAFALFAFAFAFALFAFAFAFALFAFAFAF4
R8- 15: LLIFAF4AF4AFALFAFAFAFALFAFAFAFAHAFAFAFALFAF4F4F411000000200000000681100000000

0000000000158 10F01 0 (MWE5826F0+4THHA125010000F01807 FEODOO . . O. . . . . .. & . ... *
000010I00000004 L I00000006 LIIFS FS FS FS LILILIFS FS FS FS LILIL L . . .. s 55555555*
000020 RS FS FS FS LIRS FS FS FS LILFS FS FS FS LILFS FS FS FS LI F 5555555555555555*
000030FS FS FS FS LIRS FS FS FS LILLFS FS FS FS LILFS FS FS FS LI F 5555555555555555*
000040 S FS FS FS LIRS FS FS FS LILLFS FS FS FS LIRS FS FS FS LI F 5555555555555555*
000050 HHFS FS FS FS LIRS FS FS FS LIFS FS FS FS LIRS FS FS FS LI F 5555555555555555*
000060 L LFSFSFS FS LIRS FS FS FS LIFS FSFS FS LI FS FS FS FS LI F 5555555555555555*
000070 FSFSFS FS LIRS FS FS FS LILFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
000080 LLFS FSFS FS LIRS FS FS FS LILFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
000090 L FS FSFS FS LIRS FS FS FS LILFS FSFS FS LI FS FS FS FS LI F 5555555555555555*
O0000A0LLFS FSFS FS LIRS FS FS FS LIFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
0000BO RS FSFS FS LIRS FS FS FS LIS FSFS FS LILIFS FS FS FS LI 5555555555555555*
00000 RS FS FS FS LIRS FS FS FS LILFS FS FS FS LILFS FS FS FS LI 5555555555555555*
0000 D0 RS FSFS FS LIRS FS FS FS LIS FSFS FS LILIFS FS FS FS LI 5555555555555555*
0000E0 RS FSFS FS LIRS FS FS FS LILFS FSFS FS LI FS FS FS FS LI 5555555555555555*
O0000FOFS FSFS FS LIRS FS FS FS LIFS FSFS FS LILIFS FS FS FS LI 5555555555555555*

[(F==>0B(rkpt.), D(unp), F o), (Menory), (IP(SW, Quit), R(eg.), OS(tep), UT(race)
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ADD2 Program After 1st Instruction

PSWIATUBREAKLILLFFC500008FO00004

RO- 701 LF4F4F4FALIO0000004 LFAFAFAFAFAFAFAFAFAFAFAFALFAFAFAFALFAFAFAFALFAFAFAF4
R8- 15: LLFAFAF4AFALFAFAFAFALFAFAFAFALFAFAFAFALFAF4F4F411000000200000000681100000000

000000 5810F01016820F014 L1 11A125010LLFO180 7 FELILIL LK. . 0. . . . ... & . ... *
000010I00000004 L I00000006 LIIFS FS FS FS LILILIFS FS FS FS LILIL L . . .. s 55555555*
000020 RS FS FS FS LIRS FS FS FS LILFS FS FS FS LILFS FS FS FS LI F 5555555555555555*
000030FS FS FS FS LIRS FS FS FS LILLFS FS FS FS LILFS FS FS FS LI F 5555555555555555*
000040 S FS FS FS LIRS FS FS FS LILLFS FS FS FS LIRS FS FS FS LI F 5555555555555555*
000050 HHFS FS FS FS LIRS FS FS FS LIFS FS FS FS LIRS FS FS FS LI F 5555555555555555*
000060 L LFSFSFS FS LIRS FS FS FS LIFS FSFS FS LI FS FS FS FS LI F 5555555555555555*
000070 FSFSFS FS LIRS FS FS FS LILFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
000080 LLFS FSFS FS LIRS FS FS FS LILFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
000090 L FS FSFS FS LIRS FS FS FS LILFS FSFS FS LI FS FS FS FS LI F 5555555555555555*
O0000A0LLFS FSFS FS LIRS FS FS FS LIFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
0000BO RS FSFS FS LIRS FS FS FS LIS FSFS FS LILIFS FS FS FS LI 5555555555555555*
00000 RS FS FS FS LIRS FS FS FS LILFS FS FS FS LILFS FS FS FS LI 5555555555555555*
0000 D0 RS FSFS FS LIRS FS FS FS LIS FSFS FS LILIFS FS FS FS LI 5555555555555555*
0000E0 RS FSFS FS LIRS FS FS FS LILFS FSFS FS LI FS FS FS FS LI 5555555555555555*
O0000FOFS FSFS FS LIRS FS FS FS LIFS FSFS FS LILIFS FS FS FS LI 5555555555555555*

[(F==>0B(rkpt.), D(unp), F o), (Menory), (IP(SW, Quit), R(eg.), OS(tep), UT(race)
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-

N
Contents of

s rogram After 1st Instruction

R1
x/&)oooomooom

RO- 7t LLF4F4F4F41100000004 FAFALFAFAFAFAFAFAFAFALFAFAFAFALFAFAFAFALFAFAFAFA
R8- 15: LLFAFAF4AFALFAFAFAFALFAFAFAFALFAFAFAFALFAF4F4F411000000200000000681100000000

000000 5810F01016820FP1411111A125010LLFO180 7 FELILIL L. . 0. . . . . .. & . ... *
0000100100000004 06 LLFSFSFSFS LILLFSFSFS RS L. ... s s 55555555*
000020 RS FS FS FS LIRS FS FS FS LILFS FS FS FS LILFS FS FS FS LI F 5555555555555555*
000030FS FS FS FS LIRS FS FS FS LILLFS FS FS FS LILFS FS FS FS LI F 5555555555555555*
000040 S FS FS FS LIRS FS FS FS LILLFS FS FS FS LIRS FS FS FS LI F 5555555555555555*
000050 HHFS FS FS FS LIRS FS FS FS LIFS FS FS FS LIRS FS FS FS LI F 5555555555555555*
000060 L LFSFSFS FS LIRS FS FS FS LIFS FSFS FS LI FS FS FS FS LI F 5555555555555555*
000070 FSFSFS FS LIRS FS FS FS LILFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
000080 LLFS FSFS FS LIRS FS FS FS LILFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
000090 L FS FSFS FS LIRS FS FS FS LILFS FSFS FS LI FS FS FS FS LI F 5555555555555555*
O0000A0LLFS FSFS FS LIRS FS FS FS LIFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
0000BO RS FSFS FS LIRS FS FS FS LIS FSFS FS LILIFS FS FS FS LI 5555555555555555*
00000 RS FS FS FS LIRS FS FS FS LILFS FS FS FS LILFS FS FS FS LI 5555555555555555*
0000 D0 RS FSFS FS LIRS FS FS FS LIS FSFS FS LILIFS FS FS FS LI 5555555555555555*
0000E0 RS FSFS FS LIRS FS FS FS LILFS FSFS FS LI FS FS FS FS LI 5555555555555555*
O0000FOFS FSFS FS LIRS FS FS FS LIFS FSFS FS LILIFS FS FS FS LI 5555555555555555*

[(F==>0B(rkpt.), D(unp), F o), (Menory), (IP(SW, Quit), R(eg.), OS(tep), UT(race)
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4 A
Address of
the next

ADD instruction |[@XX} Aftel“ ].St InStI‘ UCtion

\ _—

N
PSWIATUBREAKLILLFFC50000 8000004

RO- 701 LF4F4F4FALI0O0000004 LFAFAFAFAFAFAFAFALFAFAFAFALFAFAFAFALFAFAFAFALFAFAFAF4
R8- 15: LLFAFAF4AFALFAFAFAFALFAFAFAFALFAFAFAFALFAF4F4F411000000200000000681100000000

0000000000 I5810F01005820F014 MHFA12501000F01807 FEODO . . O. . . . . .. & . ... *
000010I00000004 L I00000006 LIIFS FS FS FS LILILIFS FS FS FS LILIL L . . .. s 55555555*
000020 RS FS FS FS LIRS FS FS FS LILFS FS FS FS LILFS FS FS FS LI F 5555555555555555*
000030FS FS FS FS LIRS FS FS FS LILLFS FS FS FS LILFS FS FS FS LI F 5555555555555555*
000040 S FS FS FS LIRS FS FS FS LILLFS FS FS FS LIRS FS FS FS LI F 5555555555555555*
000050 HHFS FS FS FS LIRS FS FS FS LIFS FS FS FS LIRS FS FS FS LI F 5555555555555555*
000060 L LFSFSFS FS LIRS FS FS FS LIFS FSFS FS LI FS FS FS FS LI F 5555555555555555*
000070 FSFSFS FS LIRS FS FS FS LILFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
000080 LLFS FSFS FS LIRS FS FS FS LILFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
000090 L FS FSFS FS LIRS FS FS FS LILFS FSFS FS LI FS FS FS FS LI F 5555555555555555*
O0000A0LLFS FSFS FS LIRS FS FS FS LIFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
0000BO RS FSFS FS LIRS FS FS FS LIS FSFS FS LILIFS FS FS FS LI 5555555555555555*
00000 RS FS FS FS LIRS FS FS FS LILFS FS FS FS LILFS FS FS FS LI 5555555555555555*
0000 D0 RS FSFS FS LIRS FS FS FS LIS FSFS FS LILIFS FS FS FS LI 5555555555555555*
0000E0 RS FSFS FS LIRS FS FS FS LILFS FSFS FS LI FS FS FS FS LI 5555555555555555*
O0000FOFS FSFS FS LIRS FS FS FS LIFS FSFS FS LILIFS FS FS FS LI 5555555555555555*

[(F==>0B(rkpt.), D(unp), F o), (Menory), (IP(SW, Quit), R(eg.), OS(tep), UT(race)
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ADD2 Program After 2nd Instruction

PSWIATUBREAKLILLFFC500008FO00008

RO- 700 OOF4F4F4F4000000004000000006 F4FAFAF4FAFAFAFAFAFAFAFACFAFAFAFACFAFAFAFA
R8- 15: [IF4FAFAF4AFAFAFAFACFAFAFAFAFAFAFAFALCFAF4FAF400000002000000006800000000

000000 5810F01016820F014 L1 11A125010LLFO180 7 FELILIL LK. . 0. . . . ... & . ... *
000010I00000004 L I00000006 LIIFS FS FS FS LILILIFS FS FS FS LILIL L . . .. s 55555555*
000020 RS FS FS FS LIRS FS FS FS LILFS FS FS FS LILFS FS FS FS LI F 5555555555555555*
000030FS FS FS FS LIRS FS FS FS LILLFS FS FS FS LILFS FS FS FS LI F 5555555555555555*
000040 S FS FS FS LIRS FS FS FS LILLFS FS FS FS LIRS FS FS FS LI F 5555555555555555*
000050 HHFS FS FS FS LIRS FS FS FS LIFS FS FS FS LIRS FS FS FS LI F 5555555555555555*
000060 L LFSFSFS FS LIRS FS FS FS LIFS FSFS FS LI FS FS FS FS LI F 5555555555555555*
000070 FSFSFS FS LIRS FS FS FS LILFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
000080 LLFS FSFS FS LIRS FS FS FS LILFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
000090 L FS FSFS FS LIRS FS FS FS LILFS FSFS FS LI FS FS FS FS LI F 5555555555555555*
O0000A0LLFS FSFS FS LIRS FS FS FS LIFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
0000BO RS FSFS FS LIRS FS FS FS LIS FSFS FS LILIFS FS FS FS LI 5555555555555555*
00000 RS FS FS FS LIRS FS FS FS LILFS FS FS FS LILFS FS FS FS LI 5555555555555555*
0000 D0 RS FSFS FS LIRS FS FS FS LIS FSFS FS LILIFS FS FS FS LI 5555555555555555*
0000E0 RS FSFS FS LIRS FS FS FS LILFS FSFS FS LI FS FS FS FS LI 5555555555555555*
O0000FOFS FSFS FS LIRS FS FS FS LIFS FSFS FS LILIFS FS FS FS LI 5555555555555555*

[(F==>0B(rkpt.), D(unp), F o), (Menory), (IP(SW, Quit), R(eg.), OS(tep), UT(race)
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/ N\
Contents of

ADI . :20°  am After 2nd Instruction

R2

PSWIATBR. x/boooos

RO- 701 [OF4F4F4F4000000004[100000006 FAFAFAFAFAFACFAFAFAFACFAFAFAFACFAFAFAFA
R8- 15: [IF4FAFAF4FAFAFAFACFAFAFAFAFAF4FAFALCFAF4FAF40000000200000006800000000

000000 5810F010L6820F014 L1 A125010LLFO180 7 FELILIL L. . 0. . . . ... & . ... *
00001000000004 111100000006 L FSFSLOFSFSFSFS L. . ... L s 55555555*
000020 RS FS FS FS LIRS FS FS FS LILFS FS FS FS LILFS FS FS FS LI F 5555555555555555*
000030FS FS FS FS LIRS FS FS FS LILLFS FS FS FS LILFS FS FS FS LI F 5555555555555555*
000040 S FS FS FS LIRS FS FS FS LILLFS FS FS FS LIRS FS FS FS LI F 5555555555555555*
000050 HHFS FS FS FS LIRS FS FS FS LIFS FS FS FS LIRS FS FS FS LI F 5555555555555555*
000060 L LFSFSFS FS LIRS FS FS FS LIFS FSFS FS LI FS FS FS FS LI F 5555555555555555*
000070 FSFSFS FS LIRS FS FS FS LILFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
000080 LLFS FSFS FS LIRS FS FS FS LILFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
000090 L FS FSFS FS LIRS FS FS FS LILFS FSFS FS LI FS FS FS FS LI F 5555555555555555*
O0000A0LLFS FSFS FS LIRS FS FS FS LIFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
0000BO RS FSFS FS LIRS FS FS FS LIS FSFS FS LILIFS FS FS FS LI 5555555555555555*
00000 RS FS FS FS LIRS FS FS FS LILFS FS FS FS LILFS FS FS FS LI 5555555555555555*
0000 D0 RS FSFS FS LIRS FS FS FS LIS FSFS FS LILIFS FS FS FS LI 5555555555555555*
0000E0 RS FSFS FS LIRS FS FS FS LILFS FSFS FS LI FS FS FS FS LI 5555555555555555*
O0000FOFS FSFS FS LIRS FS FS FS LIFS FSFS FS LILIFS FS FS FS LI 5555555555555555*

[(F==>0B(rkpt.), D(unp), F o), (Menory), (IP(SW, Quit), R(eg.), OS(tep), UT(race)
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\

Address of

ADD > ram After 2nd Instruction

Z

N\
PSWIATCBREAKIIFFC50000 18000008

RO- 700 OOF4F4F4F4000000004000000006 F4FAFAF4AFAFAFAFAFAFAFAFACFAFAFAFACFAFAFAFA
R8- 15: [IF4FAFAF4OFAFAFAFACFAFAFAFAFAFAFAFACFAF4FAF40000000200000006800000000

000000 5810F0105820F014 11 1A12 [FO1807FELLLLILLLF. . 0. . ... .. & .. .. *
000010I00000004 L I00000006 LIIFS FS FS FS LILILIFS FS FS FS LILIL L . . .. s 55555555*

000020 RS FS FS FS LIRS FS FS FS LILFS FS FS FS LILFS FS FS FS LI F 5555555555555555*
000030FS FS FS FS LIRS FS FS FS LILLFS FS FS FS LILFS FS FS FS LI F 5555555555555555*
000040 S FS FS FS LIRS FS FS FS LILLFS FS FS FS LIRS FS FS FS LI F 5555555555555555*
000050 HHFS FS FS FS LIRS FS FS FS LIFS FS FS FS LIRS FS FS FS LI F 5555555555555555*
000060 L LFSFSFS FS LIRS FS FS FS LIFS FSFS FS LI FS FS FS FS LI F 5555555555555555*
000070 FSFSFS FS LIRS FS FS FS LILFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
000080 LLFS FSFS FS LIRS FS FS FS LILFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
000090 L FS FSFS FS LIRS FS FS FS LILFS FSFS FS LI FS FS FS FS LI F 5555555555555555*
O0000A0LLFS FSFS FS LIRS FS FS FS LIFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
0000BO RS FSFS FS LIRS FS FS FS LIS FSFS FS LILIFS FS FS FS LI 5555555555555555*
00000 RS FS FS FS LIRS FS FS FS LILFS FS FS FS LILFS FS FS FS LI 5555555555555555*
0000 D0 RS FSFS FS LIRS FS FS FS LIS FSFS FS LILIFS FS FS FS LI 5555555555555555*
0000E0 RS FSFS FS LIRS FS FS FS LILFS FSFS FS LI FS FS FS FS LI 5555555555555555*
O0000FOFS FSFS FS LIRS FS FS FS LIFS FSFS FS LILIFS FS FS FS LI 5555555555555555*

[(F==>0B(rkpt.), D(unp), F o), (Menory), (IP(SW, Quit), R(eg.), OS(tep), UT(race)
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ADD2 Program After 3rd Instruction

PSWIATUBREAKLLILFFC50000.8FO0000A

RO- 700 OOF4F4F4F400000000A000000006 (F4FAFAF4FAFAFAFAFAFAFAFACFAFAFAFACFAFAFAFA
R8- 15: [IF4FAFAF4AFAFAFAFACFAFAFAFAFAFAFAFALCFAF4FAF400000002000000006800000000

000000 5810F01016820F014 L1 11A125010LLFO180 7 FELILIL LK. . 0. . . . ... & . ... *
000010I00000004 L I00000006 LIIFS FS FS FS LILILIFS FS FS FS LILIL L . . .. s 55555555*
000020 RS FS FS FS LIRS FS FS FS LILFS FS FS FS LILFS FS FS FS LI F 5555555555555555*
000030FS FS FS FS LIRS FS FS FS LILLFS FS FS FS LILFS FS FS FS LI F 5555555555555555*
000040 S FS FS FS LIRS FS FS FS LILLFS FS FS FS LIRS FS FS FS LI F 5555555555555555*
000050 HHFS FS FS FS LIRS FS FS FS LIFS FS FS FS LIRS FS FS FS LI F 5555555555555555*
000060 L LFSFSFS FS LIRS FS FS FS LIFS FSFS FS LI FS FS FS FS LI F 5555555555555555*
000070 FSFSFS FS LIRS FS FS FS LILFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
000080 LLFS FSFS FS LIRS FS FS FS LILFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
000090 L FS FSFS FS LIRS FS FS FS LILFS FSFS FS LI FS FS FS FS LI F 5555555555555555*
O0000A0LLFS FSFS FS LIRS FS FS FS LIFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
0000BO RS FSFS FS LIRS FS FS FS LIS FSFS FS LILIFS FS FS FS LI 5555555555555555*
00000 RS FS FS FS LIRS FS FS FS LILFS FS FS FS LILFS FS FS FS LI 5555555555555555*
0000 D0 RS FSFS FS LIRS FS FS FS LIS FSFS FS LILIFS FS FS FS LI 5555555555555555*
0000E0 RS FSFS FS LIRS FS FS FS LILFS FSFS FS LI FS FS FS FS LI 5555555555555555*
O0000FOFS FSFS FS LIRS FS FS FS LIFS FSFS FS LILIFS FS FS FS LI 5555555555555555*

[(F==>0B(rkpt.), D(unp), F o), (Menory), (IP(SW, Quit), R(eg.), OS(tep), UT(race)
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/

Contents of

Readdedto rogram After 3rd Instruction

contents of

R1
000008F00000A

RO- 700 OOF4F4F4F4[10000000AI00000006F4FAFAF4FAFAFAFAFAFAFAFACFAFAFAFACFAFAFAFA
R8- 15: [IF4FAFAF4FAFAFAFALFAFAFAFAFAFAFAFALCFAF4FAF400000002000000006800000000

000000 5810F01016820F014 L1 11A125010LLFO180 7 FELILIL LK. . 0. . . . ... & . ... *
000010I00000004 L I00000006 LIIFS FS FS FS LILILIFS FS FS FS LILIL L . . .. s 55555555*
000020 RS FS FS FS LIRS FS FS FS LILFS FS FS FS LILFS FS FS FS LI F 5555555555555555*
000030FS FS FS FS LIRS FS FS FS LILLFS FS FS FS LILFS FS FS FS LI F 5555555555555555*
000040 S FS FS FS LIRS FS FS FS LILLFS FS FS FS LIRS FS FS FS LI F 5555555555555555*
000050 HHFS FS FS FS LIRS FS FS FS LIFS FS FS FS LIRS FS FS FS LI F 5555555555555555*
000060 L LFSFSFS FS LIRS FS FS FS LIFS FSFS FS LI FS FS FS FS LI F 5555555555555555*
000070 FSFSFS FS LIRS FS FS FS LILFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
000080 LLFS FSFS FS LIRS FS FS FS LILFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
000090 L FS FSFS FS LIRS FS FS FS LILFS FSFS FS LI FS FS FS FS LI F 5555555555555555*
O0000A0LLFS FSFS FS LIRS FS FS FS LIFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
0000BO RS FSFS FS LIRS FS FS FS LIS FSFS FS LILIFS FS FS FS LI 5555555555555555*
00000 RS FS FS FS LIRS FS FS FS LILFS FS FS FS LILFS FS FS FS LI 5555555555555555*
0000 D0 RS FSFS FS LIRS FS FS FS LIS FSFS FS LILIFS FS FS FS LI 5555555555555555*
0000E0 RS FSFS FS LIRS FS FS FS LILFS FSFS FS LI FS FS FS FS LI 5555555555555555*
O0000FOFS FSFS FS LIRS FS FS FS LIFS FSFS FS LILIFS FS FS FS LI 5555555555555555*

[(F==>0B(rkpt.), D(unp), F o), (Menory), (IP(SW, Quit), R(eg.), OS(tep), UT(race)

40



Address of
the next

AD] instruction Jam After 3rd Instruction

N\
PSWIATOBREAKLFFC500008FO0000A

RO- 700 OOF4F4F4F400000000A000000006 (F4FAFAF4AFAFAFAFAFAFAFAFACFAFAFAFACFAFAFAFA
R8- 15: [IF4FAFAF4FAFAFAFALFAFAFAFAFAFAFAFALCFAF4FAF400000002000000006800000000

000000 5810F01015820F014 LI 11A125010LLFO1 S @=L LILF. . 0. ... ... & . ... *
000010I00000004 L I00000006 LIIFS FS FS FS LILILIFS FS FS FS LILIL L . . .. s 55555555*
000020 RS FS FS FS LIRS FS FS FS LILFS FS FS FS LILFS FS FS FS LI F 5555555555555555*
000030FS FS FS FS LIRS FS FS FS LILLFS FS FS FS LILFS FS FS FS LI F 5555555555555555*
000040 S FS FS FS LIRS FS FS FS LILLFS FS FS FS LIRS FS FS FS LI F 5555555555555555*
000050 HHFS FS FS FS LIRS FS FS FS LIFS FS FS FS LIRS FS FS FS LI F 5555555555555555*
000060 L LFSFSFS FS LIRS FS FS FS LIFS FSFS FS LI FS FS FS FS LI F 5555555555555555*
000070 FSFSFS FS LIRS FS FS FS LILFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
000080 LLFS FSFS FS LIRS FS FS FS LILFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
000090 L FS FSFS FS LIRS FS FS FS LILFS FSFS FS LI FS FS FS FS LI F 5555555555555555*
O0000A0LLFS FSFS FS LIRS FS FS FS LIFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
0000BO RS FSFS FS LIRS FS FS FS LIS FSFS FS LILIFS FS FS FS LI 5555555555555555*
00000 RS FS FS FS LIRS FS FS FS LILFS FS FS FS LILFS FS FS FS LI 5555555555555555*
0000 D0 RS FSFS FS LIRS FS FS FS LIS FSFS FS LILIFS FS FS FS LI 5555555555555555*
0000E0 RS FSFS FS LIRS FS FS FS LILFS FSFS FS LI FS FS FS FS LI 5555555555555555*
O0000FOFS FSFS FS LIRS FS FS FS LIFS FSFS FS LILIFS FS FS FS LI 5555555555555555*

[(F==>0B(rkpt.), D(unp), F o), (Menory), (IP(SW, Quit), R(eg.), OS(tep), UT(race)
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ADD2 Program After 4th Instruction

PSWIATUBREAKLILILFFC500008FO0000E

RO- 700 OOF4F4F4F400000000A000000006 (F4FAFAF4FAFAFAFAFAFAFAFACFAFAFAFACFAFAFAFA
R8- 15: [IF4FAFAF4AFAFAFAFACFAFAFAFAFAFAFAFALCFAF4FAF400000002000000006800000000

000000 5810F01016820F014 L1 11A125010LLFO180 7 FELILIL LK. . 0. . . . ... & . ... *
000010I100000004 L1 I00000006 LI IO000000ALLILIFSFSFSFS LILIL L . v L s s 55555555*
000020 RS FS FS FS LIRS FS FS FS LILFS FS FS FS LILFS FS FS FS LI F 5555555555555555*
000030FS FS FS FS LIRS FS FS FS LILLFS FS FS FS LILFS FS FS FS LI F 5555555555555555*
000040 S FS FS FS LIRS FS FS FS LILLFS FS FS FS LIRS FS FS FS LI F 5555555555555555*
000050 HHFS FS FS FS LIRS FS FS FS LIFS FS FS FS LIRS FS FS FS LI F 5555555555555555*
000060 L LFSFSFS FS LIRS FS FS FS LIFS FSFS FS LI FS FS FS FS LI F 5555555555555555*
000070 FSFSFS FS LIRS FS FS FS LILFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
000080 LLFS FSFS FS LIRS FS FS FS LILFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
000090 L FS FSFS FS LIRS FS FS FS LILFS FSFS FS LI FS FS FS FS LI F 5555555555555555*
O0000A0LLFS FSFS FS LIRS FS FS FS LIFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
0000BO RS FSFS FS LIRS FS FS FS LIS FSFS FS LILIFS FS FS FS LI 5555555555555555*
00000 RS FS FS FS LIRS FS FS FS LILFS FS FS FS LILFS FS FS FS LI 5555555555555555*
0000 D0 RS FSFS FS LIRS FS FS FS LIS FSFS FS LILIFS FS FS FS LI 5555555555555555*
0000E0 RS FSFS FS LIRS FS FS FS LILFS FSFS FS LI FS FS FS FS LI 5555555555555555*
O0000FOFS FSFS FS LIRS FS FS FS LIFS FSFS FS LILIFS FS FS FS LI 5555555555555555*

[(F==>0B(rkpt.), D(unp), F o), (Menory), (IP(SW, Quit), R(eg.), OS(tep), UT(race)
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/

N

\

voments of - rogram After 4th Instruction

R1 STOREd to

word 7
@OOOOFOOOOOE

RO- 7Lt LLF4F4F4F4[10000000AH066660660F4H4F4F4F4F4FAFALFAFAFAFALFAFAFAFALFAFAFAF4
R8- 15: LLIFAFAF4AFALFAFAFAFALFAFAFAFALFAFAFAFALFAF4F4F41000000200000000681100000000

000000 5810F0106820F014LIL1A125010LLFQA80 7 FELILIL L. . 0. . . . ... & . ... *
000010I00000004 LI I00000006 LI IOO00000ASEEFS FSFSFS LILIL L . . .. L. 55555555*
000020 RS FS FS FS LIRS FS FS FS LILFS FS FS FS LILFS FS FS FS LI F 5555555555555555*
000030FS FS FS FS LIRS FS FS FS LILLFS FS FS FS LILFS FS FS FS LI F 5555555555555555*
000040 S FS FS FS LIRS FS FS FS LILLFS FS FS FS LIRS FS FS FS LI F 5555555555555555*
000050 HHFS FS FS FS LIRS FS FS FS LIFS FS FS FS LIRS FS FS FS LI F 5555555555555555*
000060 L LFSFSFS FS LIRS FS FS FS LIFS FSFS FS LI FS FS FS FS LI F 5555555555555555*
000070 FSFSFS FS LIRS FS FS FS LILFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
000080 LLFS FSFS FS LIRS FS FS FS LILFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
000090 L FS FSFS FS LIRS FS FS FS LILFS FSFS FS LI FS FS FS FS LI F 5555555555555555*
O0000A0LLFS FSFS FS LIRS FS FS FS LIFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
0000BO RS FSFS FS LIRS FS FS FS LIS FSFS FS LILIFS FS FS FS LI 5555555555555555*
00000 RS FS FS FS LIRS FS FS FS LILFS FS FS FS LILFS FS FS FS LI 5555555555555555*
0000 D0 RS FSFS FS LIRS FS FS FS LIS FSFS FS LILIFS FS FS FS LI 5555555555555555*
0000E0 RS FSFS FS LIRS FS FS FS LILFS FSFS FS LI FS FS FS FS LI 5555555555555555*
O0000FOFS FSFS FS LIRS FS FS FS LIFS FSFS FS LILIFS FS FS FS LI 5555555555555555*

[(F==>0B(rkpt.), D(unp), F o), (Menory), (IP(SW, Quit), R(eg.), OS(tep), UT(race)
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e
Address of
the next

AD instruction m After 4th InStI‘ U.Ction

PSWIATUBREAKLILILIFFC500008KO0000E

RO- 700 OOF4F4F4F400000000A000000006 (F4FAFAF4FAFAFAFAFAFAFAFACFAFAFAFACFAFAFAFA
R8- 15: [IF4FAFAF4FAFAFAFACFAFAFAFAFAFAFAFALCFAF4FAF400000002000000006800000000

000000 5810F01015820F014 111 11A125010LLFO180 7/ FE4@==EHL . . 0. . . . . .. & . ... *
000010I100000004 L1 I00000006 LI IO000000ALLILIFSFSFSFS LILIL L . v L s s 55555555*
000020 RS FS FS FS LIRS FS FS FS LILFS FS FS FS LILFS FS FS FS LI F 5555555555555555*
000030FS FS FS FS LIRS FS FS FS LILLFS FS FS FS LILFS FS FS FS LI F 5555555555555555*
000040 S FS FS FS LIRS FS FS FS LILLFS FS FS FS LIRS FS FS FS LI F 5555555555555555*
000050 HHFS FS FS FS LIRS FS FS FS LIFS FS FS FS LIRS FS FS FS LI F 5555555555555555*
000060 L LFSFSFS FS LIRS FS FS FS LIFS FSFS FS LI FS FS FS FS LI F 5555555555555555*
000070 FSFSFS FS LIRS FS FS FS LILFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
000080 LLFS FSFS FS LIRS FS FS FS LILFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
000090 L FS FSFS FS LIRS FS FS FS LILFS FSFS FS LI FS FS FS FS LI F 5555555555555555*
O0000A0LLFS FSFS FS LIRS FS FS FS LIFS FSFS FS LILFS FS FS FS LI F 5555555555555555*
0000BO RS FSFS FS LIRS FS FS FS LIS FSFS FS LILIFS FS FS FS LI 5555555555555555*
00000 RS FS FS FS LIRS FS FS FS LILFS FS FS FS LILFS FS FS FS LI 5555555555555555*
0000 D0 RS FSFS FS LIRS FS FS FS LIS FSFS FS LILIFS FS FS FS LI 5555555555555555*
0000E0 RS FSFS FS LIRS FS FS FS LILFS FSFS FS LI FS FS FS FS LI 5555555555555555*
O0000FOFS FSFS FS LIRS FS FS FS LIFS FSFS FS LILIFS FS FS FS LI 5555555555555555*

[(F==>0B(rkpt.), D(unp), F o), (Menory), (IP(SW, Quit), R(eg.), OS(tep), UT(race)
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‘ Implicit Addresses
] and USING

} In Which We Make
Assembler Programming

% "EaSV"

e
g



A Slight Change

_IWhat if we want to make a change to our
original program? Maybe use register 12 as
the base instead of R15

_I'That's no problem - just insert one LR
instruction in front of the first LOAD, copying
R15 to R12

_I'Then change all instructions which use R15
as the base register!
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A Slight Change

_|But that moves everything down and our
data areas are no longer where they were,
and that means we have to re-calculate the
displacements
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Updated ADD2 Demo Program

*[Thi sUpr ogr antladds [t wolinunber st hat Uar el aken
*[f romit hell6t hZand/t hCwor dsUof [t helJpr ogr am
*[Thesunid siist or edld nlkt hel8t h[wor d.

ADD2 LILOCSECT

OOOOOOOL RO 2, 150000000Co py Haddr Cof [1st L nst
COOOOOOOL OO0, 22, 12) O0loadlst [ho. O nt oR1
COOOOOOOL OO0, 22(, 12) Odload2ndOno. O nt oR2
DDOOOOOOAROOOO™, 2 000000000Get Osuntd nOR1
OOOOOOOsSTOOOO0L, 22, 12) LOOSt or esum
JOOOOOOOBCROCEB 1111, 140000Ret ur nt olcal | er
OOOOOOODCHOOOF 4 DDDDDDDDFUI lwordd nitiall y4
OOOOOOOPCOOOOOF 6 DOOOOOOOFul TwordOi nitial 1y
OOOOOOODS OO OF OO0 ORs r vd UDonl y, Dol ni t
OOOOOOOENDLCCOOADD2
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Updated ADD2 Demo Program

*[Thi sUpr ogr aniadds Lt wollnunber st hat Car e[t aken
*[f ronit hell6t hCand7t hOwor dsUof [t helJpr ogr am
*[ThelUsunli siist or edl nlt he8t h[wor d.
ADD2 [T T TICSECT

OOOOOOOL RO 2, 15 0000000Copy Uaddr Uof [1st L nst
L OO0, 20(, 12) Uil oadlst Ono. L nt oR1
OO0 OO0, 24(, 12) dload2ndOno. L nt oR2
OOOOOOOAROOML, 2 000000000Get Osundd nCR1L
OOOOOOOSTOOOOM, 28(, 12) UO0St or ellsum
(OOOOOBCRALOEB 1111, 1400Ret ur nlk oldcal | er
JOOOOOOOPCOOOOOF 4" DOO000000Ful Tword nitial | yé
OOOOOOODCOOOOF 6 OOOOOOddFul T wordini ti al |y
OOOOOOOpSOOOOOF OOO00000000Rs r vd Donl y, Dol ni t
OOOOOOOENDOCOADD2
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Updated ADD2 Demo Program

_1As you are looking at this altered program,
you should ask yourself why the locations of
the three data areas increased by four bytes,
when we added only a two-byte instruction
at the beginning of the program

_ISpecifically, look at the first DC, just after the

BCR instruction, and notice that BCR
occupies only two bytes of storage
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Updated ADD2 Demo Program
Assembled

L OCLHOBI ECTHCODELLLSOURCELISTATEMENT

000000 LI hHADD2 LILHHCSECT

000000 8 CFLLL Ol RO L 2, 15
0000021581001CO14 IO OO Lo, 20(, 12)
0000061582001CO1 8L OO LI 2, 24(, 12)
O0000ALT AL 2 LTI HHHARCIE T L, 2
00000C50100LICO 1 CLI U I I S THOO ., 28(, 12)
000010007 FELINNOOOOO O OHOBCrROEB 11117, 14
000014100000004 L HHHDCHA R 4
0000180000000 6 LI HHHHIDCHA LR 6°
00001 Lo HHOIDS A R

OO OO OO EHEEENDLCHADD2
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Updated ADD2 Demo Program
Assembled

UL OCLLOBI ECT

-

s

The next field is In
fullword aligned,

LICODELLLISOURCELISTATEMENT

HOOOHACADD2 LLLOCSECT
N 2

even though this /G014 LOOHOOOOOOAOL OO0, 20(, 12)
instruction ends  [ICO 18 LLOLLOOOOOOL LOHOCC 2, 24(, 12)

two bytes "early" T

N 2 N 2

\\_UUUUUCZBBQQ[CO1CDDDDDDDDDDDDDSTDDDDD1,28(,12)

OO OO BCRANEB 11117, 14

OOOOlO[D?FEﬂI
000014/ O4 LI ODCH R 4°

0000180000000 6 LI HHHHIDCHA LR 6°

00001 CLIHH]
INNENERENENEN

OO OO ODS OO
OO OO CENDOOOADD2
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There Must Be an Easier Way!

_What if our program has hundreds or
thousands of instructions? Do we have to
calculate displacements for every data area?

_1Or, what if we change something? Do we
have to re-calculate all displacements?

_Fortunately, no (or no one would ever use the
assembler)
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Use Labels!

_IRemember: "Object Code - Nothing Else
Matters"

_150, as long as the assembler generates the
correct object code, we can do "anything we
want' by way of writing source instructions
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Use Labels!

_IWe want to use labels - implicit addresses -
instead of explicit base and displacement,
and let the assembler do the calculations

_IWe can do this as long as we tell the

assembler what base register and base
address to use
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The USING Instruction

_150, instead of writing a base and
displacement form of address, we will
simply place a label on the storage area
definition, then write that label in any
instruction operand which references that
data

_1'The assembler must convert the 1implicit
reference to a valid base and displacement
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The USING Instruction

_IWe tell the assembler which base register it
can use and what base address the register
has via the USING assembler instruction (or
directive)

_1The USING instruction is not executable, and
has the following format:

= USI NG_baseaddr ess, baser egi st er
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The USING Instruction

_1'This tells the assembler how to choose the
correct base register and how to assign
displacements

_IUSING is your "promise" that at execution
time the base register will contain the
memory address at which the base address
has been loaded
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The USING Instruction

_|Be sure to compare the object code
generated by the next version of the
program, with the object code generated by
the version without USING and labels

_1'The object code is exactly the same, so the
program will execute 1in exactly the same
way

_1"Object code - nothing else matters"

59



Demo Program with Labels

*[Thi sUpr ogr aniadds Lt wollnunber st hat Lar e[t aken
*f r onMORD1 Land CMORD2 L nlt helJpr ogr am
*[Thelsuntii siist or edd n[WORDS3.

ADD2 LI T TICSECT

OO RO 2, 15 0000000Co py Uaddr Uof [1st L nst
OOOOEEUSE NGDADD2, 1200000 el | Oassenbl er
OO OOOO001, WORDL LML oad st no. O nt o[R1
OO OO0, WORD2 LU L oad [L2ndOno. L nt 0[R2
OOOOOOCOAROOOOOL, 2 00000000 0Get Osundd nORL
(OIS T OO, WORD3 LILLLLSt or ellsum
OOOOOOBCROLEB' 1111, 14000Ret ur nlk ollcal | er
WORD1 LILODCLLLCOF 4" OO00OOOtFul | wordi nitial 1 y[4a
WORD2 LIODCLF 6" OOOOdFul T wordi nitial | y[6
WORD3 LILODSHOF OO OOOOORs r vd Donl y, Onol ni t
OOOOOOCOENDOCCADD2
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Demo Program with Labels

UL OCLOBI ECTHCODELLSOURCELISTATEMENT

000000 LN HHADD2 LILLCSECT

0000001 8 CFLLLHHHHHHOL RO L 2, 15
000000 LI HHHHHHUSE NGLLIADD2, 12
000002158100C014 AL e, WORD1
000006115820L1C01 8 L L LI Hir 2, WORD2
O0000ALT AL 2 LI HHHHHAROI LR, 2
00000C50100LCO 1 CL OIS T L, WORD3
000010007 FELLI o HHOBCrRULLEB 11117, 14
0000141100000004 LLLUEMORDL LIHHDCLLLLLF 47
0000181100000006 LNULUEMORD2 LIHHIDCLF 6°
00001 CLILLHH I EMORDS LILLDSLIL LR
OO OO OO T ENDUUC I CADD2
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The Condition Code
and Branching

In Which We Learn How

AN

to Go Back Where We
Came From, or Maybe
Go Somewhere Else

A

_g

!\‘



The Condition Code

_1'The ADD (A, AR) and SUBTRACT (S, SR)
instructions have an additional
characteristic not yet mentioned - they set
the condition code in the following way

Meaning

Resultis O
Resultis < 0O
Resultis > 0
Overflow occurred

00'-\3'40‘8
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The Condition Code

_I Another pair of instructions, COMPARE (C,
CR) also set the condition code, but its

values are interpreted in a slightly different
way

Meaning

Contents equal

1st operand val < 2nd operand val
1st operand val > 2nd operand val
---- (not set)

CJOI.\)HO‘S
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The Condition Code

_ The condition code 1s actually two bits of the
PSW (bits 34 & 35 in ASSIST/I, bits 18 & 19
in S/390)

_IIn order to test for all possible combinations
of the four CC values, we can use a four-bit
mask

m Mask B' X ' (B means binary)
= CC O [2LBM (CC value tested)
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BRANCH ON CONDITION

_|IThen a bit mask of B' 1010"' will test for
condition codes 0 and 2

_1'The condition code can be tested in only one
way - by using the BRANCH ON CONDITION
instruction (BC, BCR)
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BRANCH ON CONDITION

_1'The two forms of BRANCH ON CONDITION
are

= [RX] | abel [ BCLILB' nask' , Dz( X21 Bz)
= [RR] | abel DBCROB' nask' , R,

_I'The encoded form of each instruction is
= [RX] hghehyhy hehphphp,
" [RR] hehehyhe




BRANCH ON CONDITION

_If the mask part of the BC or BCRhasa 1in a
position corresponding to the current setting
of the CC, the next instruction to be
executed will be the one whose address is
given by the second operand

_Otherwise, the next instruction will be the
one whose address is already in the PSW,
the one in memory immediately after the
branch instruction
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BRANCH ON CONDITION

_INoticethat BCRIIB 1111', R14 is an
unconditional branch to the address in R14
and 1s the instruction used to end execution
of a program

_Themask B' 1111' matches all possible CC
values
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A Program Which Tests the
Condition Code by Branching

MAXCOOOCSECT

OOOOOOUSTE NGEVAXK, 15

COOOOOOOE OO0, WA OOOOGet OF r st Dhunber
COOOOOOOE o002, W OOO0Get [secondlnunber
OOOOOOOCROONML, 2O Conpar e
OOOOOOOOBCHOOEB 0010 , ONEHI GHEBr anchill f LML Lhi gh
OOOOOOOOSTHOO 2, WBLLLLEI sellst or ellsecondlnunber
OOOOOOOOBCRUOEB 1111, 140Ret ur nlt ollcal | er
ONEHI GHUSTULOML, WBULILLISt or el 1 r st Ununber
OOOOOOOOBCRUOEB 1111, 140Ret ur nlt ollcal | er

WL OOOOODCHOOOOF 321 UOF1 r st Dnunber

W LIDOOODCLOONF 123 SecondDnunber

VB LIOODS OO OO Ve x Cof U 1 r st HandOsecond
OOOOOOOOENDOCCOVAX
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A Program Which Tests the
Condition Code by Branching

L OGCIOBI ECTTICODEISOURCELISTATEMENT
000000 LN EMAX LILHHHICSECT
000000 LN HHHHHUSE NGLIVAX, 15
00000058100FO1 CLL L o, Wa
000004 58200F020 L oL Lo r 2, We
00000819121 I HHOOOHHCRAA L, 2

00000ALA7200FO14 L HHHOBCHLEB 0010° , ONEHI GH

O00000EB0200F024 LS THLL 2, WWB
000012L07FELILLIDDDOOOHHHHOBCROIB 11117, 14
00001450100F024 LILNONEHI GHUSTLLL, WB
000018LO7FELILLINDOUHHHHOBCROIB 11117, 14
00001CLI00000141 M L HHHDCHHHF 321
0000200000007 BLILLLEM2 LI HEIDCHHHF 123°
000024 LI HHOEEEMS HEHHHODS TR

Lo e OO HOOENDLIVAX
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X-Instructions and
ASSIST/I

In Which We Get Data
Into and Out of an
Assembler Program

*
) 28




Character Data

_I At this point, we've seen only numeric data,
represented as binary fullwords, and
created in assemblies as data type F

_!But binary data is much too difficult to type,
so a different, external, format i1s used

_!In order to work with external data, we will
have to know how to represent characters
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Character Data

_I'There are two standards in current use for
representating character data: EBCDIC &
ASCII

_1We will stick to the EBCDIC representation
In these sessions, since

= Jt's the only representation known to
ASSIST/I

" Jt's the representation most common in
0S5/390
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Some EBCDIC Representations

4B
4C
4D

4E

50

SA
5B
5C

5D
60
6E

7C
/D

FO

F1

F2

F3

F4

F5

F6

F7

F8

F9

40

bl ank

D7

E2

E3

E4

E5

E6

E7

E8

E9

Cl

C/

D1

D2
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Character Data

_We can create character data in our
programs by using data type C in a DC
instruction

1 MESSAGELLIDC C 1HELLOMORLD!

_!'The object code generated by this DC is
= F1CBC5D3D3D640E6D6DOD3CASA

76



Character Data

_IThe 1 in front of the message is a "carriage
control" character which will cause the
message to be printed at the top of a new

page

_ Other carriage control characters are
' [I (blank) - Single space
="' 0" -Double space

=" - -Triple space
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The X-Instructions of ASSIST/I

_|For assembler programmers, moving data
into and out of a program 1s a very complex
affair, involving numerous operating system
I/O "macros”

_IFor users of ASSIST and ASSIST/I, however,
the process 1s extremely simple and requires
only the use of a few non-standard
instructions
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The X-Instructions of ASSIST/I

_IIn ASSIST and ASSIST/I, these instructions
assemble just like "real" instructions, but
they are not part of the standard (or any
other) instruction set

_1'The first 1s XREAD, which reads a record
from the input file and places as many bytes
as requested (up to 80) starting at the
memory address provided
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The XREAD Instruction

I | abel OXREADOID,( X,, B,) , L,

= D/( X, B, isthe address of the first byte
of the input buffer

= |, is the number of characters (1 to 80) to
be transferred from the input record

_1'The input record contains character data
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The XREAD Instruction

_'The XREAD instruction sets the condition
code

= 0 - Read was successful, data placed in
memory

= ] - end-of-file encountered, no data
transferred

= 2 -not set
® 3 - not set
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The XDECI Instruction

_INumbers are input as characters in the
EBCDIC representation and must be
converted to binary before we can

manipulate them (e.g., ADD or SUBTRACT)

_Input conversion is performed by XDECI
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The XDECI Instruction

_1'The XDECI instruction converts an |

L BCDIC

numeric value in memory to a binary numeric

value and places it 1n a register

_1 | abel DECI IR, D,( X,, B,)

= R, is the register to hold the result

= D,( X, B,) is the memory location at
which the search for numeric characters

begins
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The XDECI Instruction Logic

1. Start at D,(X,,B,), scan for the first non-blank

2. If the first non-blank is anything but + or -
or a decimal digit, set the condition code to
3 and quit

3. Otherwise, 1 to 9 digits are scanned and the
resulting number 1s converted to binary and
placed in register R,
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The XDECI Instruction Logic

4. Register 1 is set to the address of the first

non-digit (so register operand R, should not
be 1!)

5. If ten or more digits are found, register 1 is
set to the address of the first non-digit, the
condition code is set to 3, and register R, is
unchanged
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The

XDECI Instruction Logic

1 XD.

1.CI sets the condition code

® 0 - The number converted was 0O

® 1 - The number converted was < 0

®m 2 - The number converted was > 0

= 3 - Non-numeric scanned, or too many
digits

_I'To avoid scanning past the end of the buffer:

= | NPUTLLDSLLICL80  Input Buffer

DCLLIC *! Non-digit stopper
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The XDECO Instruction

_'The XDECO instruction converts a binary
numeric value in a register to an EBCDIC

numeric value in memory (action opposite
that of XDECI)




The XDECO Instruction

1 | abel DECOTR,, D,( X,, B,)

= R, is the register containing the binary
number to convert

= D( X, B,) isthe beginning memory
location, usually within a print buffer, to
store the EBCDIC number, right-justified,
occupying 12 bytes




The XPRNT Instruction

_1'The XPRNT instruction will print one line of
output of maximum length 133 characters
(including the carriage control)

1| abel

PRNT

|:|D1( X11 Bl) ) L2

= D( X, B) isthe address of the first byte
of the output buffer (the CC character)

= |, is the number of characters (including

carriage control) to be transferred from
memory to the print line
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Example With X-Instructions (1 of 2)

* THI SHPROGRAM_READSIIDATALICARDSLEACH HAVI NGLITWO
* LINUMBERS. LILITHELSUMLIOFLTHELNUMBERSLI SLIPRI NTED.

*

SUMUPLILILILICSECT

OOOOOOEEUSE NGUSUMUP, 15

*

OO IXPRNT DHEADI NG, 28 LLLTTPRI NTHPAGELHDR
LOOOOOEEEIXREADUICARD, 80 LIETHEIHHNREADIL STHICARD

*

CHECKEOFBCLILILIIB' 0100 , EXI THHIBROONLEOF

*

OOOCOEEEEXDECT (2, CARDU I NODASSUMELIBOT HEINUMS
OOOOEAEIXDECH 13, 0(, 1) LOOUOO IARELVALL D

*

OOOOOOECCAROOOE 2, 3 OO I OCAL CUL ATELTHELSUM
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Example With X-Instructions (2 of 2)

HOOOOOEEXDECOL R, OUTPUT LILLLLLEPRI NTABLELFORM

* OO OO OO EEEEEOE NTOUPRI NTUHLT NE
OOOOOEEEXPRNT UICRG, 13 HHHHOMNNEPRI NTUTHELSUM

* OO OO OOOOOOOOOOAF TEROST NGLELSPACE
LOOOOOEEEIXREADUICARD, 80 LILLHHNHETRYLANOTHERUREAD
HOOOOOrEBCUUUEB 11117, CHECKEOF LGOUCHECKIFORUEOF

*

EXI THOOOOBCROCEB" 1111° , 14 00LLCTERM NATELPROGRAM

*

CARDULNHEDSHHHNCL 8 O LML NPUTLBURFFER

*
CRGHHOIDCHHIINC [T DHHHHHHHOSE NGLELSPACELICC
OUTPUTLILILDSHUOOCL 1 2 Lo HHHHISUMIGOES LHERE
HEADI NGLUDCLLHC 1THI SO SCTHEDOUT PUT LIOF LISUMUP
OOOOOCCCENDULESUMUP
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What's Next?

_|'Tomorrow, we will do more arithmetic
(multiplication and division), and we will
construct program loops

_IWe will also see one of the simplest and
most challenging machine instructions, the

LOAD ADDRI

0SS Instruction (when you are

comfortable with addresses, you will have a
good understanding of assembler)
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