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ABSTRACT

The IBSYS operating system which le presently
implemented on the IBY 7090/7094 computer systems consists
of a supervisor and aen input-outpui executor,

The supervisor initializes certain control locations
and changes these locations in response Lo control card
input. The input-output executor, IOEX, iniltiates activity
on a channel, maintains activity on that channel-as long
as activity has been requested and supervises traps.

The primary parts of IOEX are presented, in this paper,
as logiecal flow charts in algorithmic form. From these flow
charts a hardware conflguration ls developed and segquence
charté presented. From the asegquence .charts a. conirol program
ts developed to present as a mileroprogram.,

This paper shows that to develop a microprogram control
sequence Jfrom a software system program is conceptually

possidle.
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INTRODUCTION

The I[ESYS operating system, which is currently
itmplemented on the IEM 7090/94 computer system, consists
of &5 parts.

®The processing programs are Subsystems that are

maintained by EDIT.

°The special debugging factlity is provided by SYSDUMP,

OThe supervisor and control card interpreter is IBSUP,

°The resident portion of the nucleus is IBSNUC.

OThe input output executor is IOEX.

This paper presents the input output executor and
develops a configuration to produce the same results as
the software IOEX using Miecroprogramming.

The approach taken is that used by Dr. Yaohan Chu,
O.R. Pardo and Jeffrey Yeh in "A Methodology for Unlfied
Hardware=Software Design.! ZThe jfirst step ls to study
the existing program, in thls case I0EX, dertve the
algorithm and present the algorithm in jlow chart jform.
After deriving the software algorithm, o sequence chart
is constructed wilth a proposed hardware configuration.

The final step is to develop a conitrol configuration

and develop the microprogram for this.
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In this paper the algerithm of IOEX has been modlfied
to leave out certain contingency conditions. The algoriithms
presented are those for cctlvating channel activity,
selecting a unlt on the channel and supervising traps.

From this study of the basic parts of I0kX, it has
been shown that the Input Output bAxecutor could be

replaced by a control conflguration,
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1, Introduction to IBSYS

Contingent with the coming of the second generation
of computers was the debut of the various operating
systems. These operating systems controlled the coordi=
natton of jobs within the machine. ‘/Operating Systems?”
refers to the whole complex environment ojf programming,
debugging and operational atds with which the programmer
deals.

An ope%attng system ls made up of three main components:
the tnput output supervisor, the processing programs,and
the supervisor., IBESYS which 1s currently lmplemented on
the IEf 7090/94 computer system, was selected for the study.

The input-output syetem of IBSYS ls the Input=-0Output
bxecutor, [OkX. IOBX is used by the supervisory programs
as well as the processing programs under IESYS, for
coordination of I/Q activities.

The Processing Programs are in the form of subsystems
which are maintained by another processing program, the
gditor,

The Supervisor portion conslsts of an alweys restdent

nucleus, IBNUC, aend a transtent portion IEBSUP.

1.1 The supervisor--IhsNUC and {RSUP.

The system supervisor, IBSUP, provides control cord

interpretation and job coordination. Most of The control
J




cards read in effect a switch used by the eupervisor, or
cause constant areas in the NUCLEUS, IEBNUC, to be varled.
For each control ecard read in an action occurs. 4 hey
control card is the $EXECUTE card which causes ontof the
processing programs to be loaded and glven control. The
processing program uses the locations of IBNUC to deter-
mine unit assignments and other necessary ilnjformation.
" Certain locations of IBNUC are used for communication
with the supervisor.
The main parts of the nucleus ares
®The Communication Region, containing constants,
control words, and transjfer words required for
intercommuntcation between the Supervisor and the

Processing Programs.

®The System Unit Function Table which ie used to keep
track of all the system unit jfunction assignments.

®The Unit Control KBlock (UCE) Table, consisting of

a one word entry for each channel. The one word
entry contalns the address of the first Unit Control
Bloek jor that channel, the total number of input-
output devices asstgned to that channel, and the
nunmber of card units essigned to that channel.

The UCK's are always resident and are a portion of
[0EX.

®The System Loader, used to load records from the
System Llbrary untt.

®The Unit Avatllability Table, consisting of one word

Jor each channel, whlch points to the beginning of

a chain of units that are not assigned to system

unit functions, :

To coordinate the use of lnput aend output devices
between processing programs and the supervisor, IBSYS
provides symbolic input output units called system unit

Sunctions. The address portion of each word in the



System Unit Funection table contains the address of the
Jirst word of the Unit Control Lloek jor the unit assigned
to the particular System Unii Funcition.

The Unit Control Block (UCE) is used to control
the usage of Input and Output devices. The UCB indicates
such tnformation as: avatlability of the unit, whether
the unit is attached, the unit type, the channel type,
the actual ECD address of the unit, whether an end of
tape has been sensed, the tape density and the cﬁatn
address if the unit is in the availabilily chain.

The cold start procedure for IESYS consists of loading
the supervisor whieh then initiclizes the nucleus and
generates the Unit Control Llocks, which have the format
shoun tn figure 1. IThe nucleus chaining ls Then done
and the chaining structure of core at the end of cold

» K;f * 3
start isasshown in figure 2.

1.2 The Input-Qutput Executor, IOEX.

The input-output &xecutor, (IOKX), which is always
core résident, consists of a trap supervisor for data
channel operations and a series of subroutines to perjform
specific funetions that might be required by a processing
program. The subroutines oj I0AX control the movement
of data, perform non data selet operations, convert data,
handle on-line printing, reading and punching and provide
temporary and permanent halts. The Trap supervisor hondles

all data channel traps and maelntains activity on a channel




as long as some activity has béen requested.

The parits of IOEX which were selected for this report
are really the key parts gor Input-Output activity and
coordination. These parts ares ACTIVE, ISSEK, dnd TRAP,

When a problem program wishesd to inltiate activity
on a unit of a channel the followlng steps are taken.
First the user stores in the second word of the Unit
Control Elock the location of a routine which will start
the input-output segquence and will handle the complétion
of the sequence. After storing this in the UCB, the
user then calls on the ACTIVE subroutine with the following
sequences

TSX LACTV, 4
P A,T

Where P is a preflx of elther MZE or FPZE and A ls

the address of a pointer to the desired UCB. If

F is PZE, the unit is to be started Lf the channel

is free, Lf the channel is not free control ls

returned to the processing program. If the prefix

s MZE, the unit is given priority and control ils

not returned until the unit ls started.

The processing program ls responsible for providing
the routines for initiating the I/0. The routine jfor doing
the - I/0 is called the select routine and will be entered
two times, The first entry is with the sign of the ac-
cumulator + (SEL+). This entry ils for starting the channel
operations. The second time is with the silgn of the
accumulator - (SEL-) and at this time the routine does
whaet it wants, knowlng that the operation has been completed.

The Trap Supervisor of IOEX handles the interruptlions



that occur on termination of the channel programs. The

channel program conatructed by Ski+ hoes to end in a cénm

dition causing a trap to occur. The trap supervisor

gltves control to the SEi- routine and then inilitlates

activity jfor any other unit that reguires it on the channel,
ISSAEK is a subroutine, used by ACTIVE and ThHAPF,

which gives control to the SklLs routine after actually

determining which unit should get control,

2. LOBKX

IOAX provides subroutines for printing messages
on-1line, converting data, performing non-date select
operations and coordinating the I/0 activity on the
channe ls.

The part of IOCEX to be eitudied here ls the part
that coordinates the use of the chonnels. The assumption
was made that only tape drives would be used so the ad-
ditional coding for hypertape and disk devices has been
bypassed,

Channel actlivlity te started by calllng on ACTIVE.
Once ACTIVE hus done some housekeeplng, Lt glves control
to ISSEK to initiate the uniit and give control to the
SELLOT routine, When the requested I/0 operation finishes,
the TRAP supervisor gets control and determines what
channel and unit has just ended. A check ls made for

any errors and Lf possible recovery Le atiempted. Ajter



the input-output operation te completed, the users Select
routine is entered jfor the posting entry. Upon return
Jrom the Select routine, ISSEK ls called to initliate the

next unit on the channel Ly one has requested activity.

2.L ACTIVE

The ACTIVE subroutine is used to initiate I/0 operations
on a channel jor a spectified unit. The flow chart is
shown in the appendix as Jfigures Ala and Alb. A

After testing to be sure the unit is legal, the
~traps are disabled so that o trap cannot occur. The
channel number is then extracted Jrom the unlt control
word (UCW), which ie the first word of the U08, and used
as an index jfor addressing certoiln arrays.

The CHXAC array is used to store the UCK address of
the active unit on each channel=--there (s one entry jfor
each channel, Ihe‘UHXSP array ls used to store the address
of the UCW for the unlt that has priority on that channel.
If the call is made during TRAF time the unit ls jusi
gitven priority and exit made, l.e. CHXSP Ls seil to point
to the UCW.

The channel activity location CHXAC is then checked
to see 1f the chunnel has an active unit. If not,the
LSS&K subroutine ls called to initiate the activity.

Upon return jrom ISSEK the traps are enabled and return

made,




If the channel was active on entry, the prefix
in the calling sequence s plcked up and tested. If the
prefix is PZE, return its made to the calling program,
Lf the preftx was ML the channel priority location is
set to point to the requested UCW, the interrupts are
enabled and ¢ loop is entered. The loop ls terminated
when THAP processes a trap jfor the channel and the unit

ts gluven control of the channel.

2.2 TRAP

The trap supervisor, TRAP, ils entered whenever a
trap occurs on a channel. The flow chart for THAP ls
shown in the appendix as figures 420, b,e,d. The firsti
thing done ie to determine which channel trapped. The
locations starting a 12g are jfor the storage of channel
information when a trap occured. by checking jor a
non=zero location, TRAP can determine which channel has
trapped. The hardware of the 7080 stores the informatlion
Jor each channel in ewven locations and executes the next
odd tnstruction. For Channel 4 the IC Le stored at
location 12 and location 15 executed. Once the channel
la determined, the channel activity cell ls cheched to
sFind out which unit was ocetive on that channel. Then
the operation is checked for completion, and whether
the operation was sucscessjful, In additlon to /0 errors
being checked, o check ie done jfor bnd of File or noise

records,




Having processed the error condbtion; the users
SEI- routine is entered. On return from the SEL-, the
subroutine ISSEK ls called to initlate acitlvity, if

necessary, Jfor another uniit on that chamnnel.

2.3 ISSEK
The subroutine, ISSEK, is called by TRAP and ACTIVE.
ISSkK is shown in the flow chart A3 tn the appendix.
ISSEK checkhs to be sure that priority has been4asstgned
to the unit, before just initiating the same one, ISSEK
- also makes sure there ils a select routine to go to.
Lf no unit has priority, ISSEK searches the chain of
UCBs to find a unit that has a select routine provided.
Once a UCB Ls jfound, for which there ls a Select routine,
and the hardware of the channel ts free jfor new aetivity,
the users SEL+ routine is entered. Upon return jrom
the Select routine, some housekeeplng ls done and return

made to the calllng program.

3. SAQUENCE CHARIS

Having extracted the algorithms for the desired
Sunctions of IOkX, it 18 now necessary to depelop a
configuration for the implementation using hardware.
The sequence charts are then developed for each of the

subroutines.




3.1 Configuration

The computer elements required jor the implementation
of L0&X are shown in the block diagram of figure 3, exéept
Jor the control components which are discussed separately.
The main memory is ecalled MEM aond it is the memory where
a users program would restde and where the Unili Control
slocks and other communication information s stored.

The auxtltiary memories, CHXAC, CHXSP, URAX, UCKEX, and
CHAN are used as storage arrays with each memory‘havtng
one location for each channel possilblie.

The memories are addressed by 15 bit registers
having the names AR, AA, AP, ARR, AU, and ACC. For
each memory there is a bujffer regtster of 36 bits called
Sk, AL, FPb, KE, UEB, and OB, respectively. [There are also
several 36 bit work registers named TRAPSW, LNBSW, ISSSP,
L04C, 10%Y, and Lf0SI. There are also several 15 bit
registers used for storage and countinge--these are X,

X2, and X4, To provide save areas jfor the CPU registers
when having to give control to select routines, there
are save registers with a sufjix of S attached to the
CPU register. ~ The names of these are ACS, MYS, SIS,
AK1S, XHh2S and CPULCS.

(n order to provide jor the walting process during
actlve, there are two save registers for saving the state

of [0EX registers. [These are SAVEX1, to save Xi, and

()

SAVEIOAC, to save the contents of 104U,




In addition to the 15 and 36 blt reglaters, there
is a series of one bit regiesters used jfor control pur-
poses. These registers are ACTIVE, WAIT, ISSEK, TRAP,
SAVE, RESTORE, IOCHECK, USER, and WAITING.

The configuration just given for the IOEX processor
can be described using the jfollowlng Computer Design

Language (CDL) statements.
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Comment,

Hegister,

AR(0=14),
SR(0=35),

TRAPSW(0=35),

ENBSW(0=-35),
ISSSP(0-35),
I0AC(0-35),
TOMQ(0-35),
X1(0-14),
X2(0-14),
x4(0-14),
UCWPT(0=14),
COUNT(0-14),
I0SI(0-35),
AP(0=14),
AA(O=14),
Aﬁﬁ(ow14},
AU(0=14),
ACC(0-14),
PE(0=35),
AB(0=35),
RE(0=385),
Ub(0=85),
CH(0=535),
ACS(0=35),
M@S(0-35)
SIS(0=85),
XR15(0-14),

configuration of the I[QEX Processor

$address register for main memory
Smemory buffer register

$location of trapped UCW

$whieh traps ean occur

Swork register for ISSEK routine
STOEX storeoge register

SIOEX temporary reglster

fehannel number storage register
dwork reglster

dparameter polnter

$pointer to first word of UCB(UCW)
Jeounting register

$TOKY sense indlecator settings
foddrese register for CHXSP memory
$¢ddress register for CHXAC memory
Saddress register for URRX memory
Saddress register for UCBX memory
Jaddress register for CHAN memory
$hufrer regieter yfor CHXSP memory
Sbufrer register jor CHXAC memory
$buffer register jfor URRX memory
$hufrer reglster jor UCEX memory
Shuffer register jor CHAN memory
fsave register for OPU AC

$save reglster for CPU MQ

bsave register jfor CPU SI

bsave reglster for CPU XR1

11




Subregister,

Memory ,

XR25(0-14),
XRr4S(0-14),
CPUICS(0-14),
SAVEXI(0=-14)
SAVEIOAC(0=35),
ACTIVE,
WAIT,

ISSEK,

TRAP,

SAVE,
RESTORE,
TOCHECK,
USER,
WAITING,
AC(0=35),
MQ(0=-35),
SI(0-35),
XR1(0-14),
XR2(0=14)
XR4(0=14)
CPUIC(0-14)

dsave
$save
dsave
$save
$save
$eontrol
$control
eontrol
$eontrol
$eontrol
Seontrol
feontrol
$eontrol
deontrol
$ac
e
$SI

$XR1
SXR2
$XR4

$IC

IOAC(ADDR)=I04C(21-35)

I0AC(DEC)=I0AC(3-17),

TOAC(SEL)=I0AC(3=17),

AC(S)=40C(0)

regiater jor CPU XR2

reglster for CPU XR4

regtster for CPU IC

register jfor IOEX-XI while walting
register for IOEX-IQAC while watlting

regieter jfor ACIIVE sequence

register for
regleter for
regtster for
reglister for
reglster for
reglster jfor
register jfor

register for

ACTIVE sub sequence
ISSEK sub sequence
TRAP sub geguence
SAVE sub sequénce
RESTORE sub segquence
IOCHECK sub sequence
waliilng during SELfs-)
ACTIVE waiting

daddress part of IOAC

Sdecrement part of ICAC

daddress of

SEL routine

$sign of acoumulator

MEM(AR )=MEN(0-32791, 0=35), $matn memory

CHXSP(AP)=CHXSP(1=8,0=35), $channel priority memory

CHXAC(AA)=CHXAC(1-8,0=35), $channel actlvity memory

12



URRX(ARR)=URRX(1-8,0=35), $redundancy channel memory
UCEX(AU)=UCEX(1=8,0-35), $unit control block locator memory
OHAN(AC)=CHAN(1-9,0-35)  $channel status memory

13




3.2 ACTIVE Sequence Chart

The sequence chart for the ACTIVE seguence is
shoun in Figure 4, It ls assumed thet the unit hoas
been checked to be sure 1t is valld and that CPU register
4 is pointing to the parameter 1list.

When the control element ACITIVE goes to 1 the coding
is started. Regilsters are initialized and the address
of the Unit Control Word plchked up. ZThe ilndex of the
channel is extracted from the ucw and the auxiliary
memory addressing registers set to address the appropriate
location. If the entry ls during trap time, the unit
is gilven priority by setting the UCW address in CHXSP(AFP)
and returning to the calling program.

If entry is not during trap time, the CPU registers
are saved and the channel activity location Ls checked
to see if the channel ls active. If the channel ls not
cective, ISSEK is set to 1 to inltiate the ISSEK sequence.
On return from ISSEK, control is glven back to the
CPU program. If there is an active unit, the value of
the parameter is cheched for its saégn., If fhe gign of
the parameter is O then the request was FPZE and return
is made, If the request was MZE the controls jfor wailting
are set up. The unit is glven priority, the reglsters
of I0EX are stored and WAITING and WAIT are set to 1.
The system then loops until WAIT Lls not I. WAIT is made

zero by TRAP when TRAP detects that WAITING is 1. When



the watt period Lls over, the status of the channel ls
checked again to see Lf the unlit was glven control by TRAP.
ILf it was, then return is made to the ealling programg

otherwise the wailt loop 18 reentered.

3.3 TRAF seguence chart

The sequence chart for the TRAF sequence Ls shoun
in Figure 5. The control Register TRAP is checked to
see Lf it is 1. When TRAP becomes 1, the sequence begins.,
Lf the system was currently walting, the status of all
CPU registers its saved and then the work registers are
initialtzed. ILocation 9 of the CHAN memory contalns
the total number of channels on the sygﬁem at present.
This value i1s used as a counter. The even locaitlons of
core are searched, starting at 128 Jfor one whilch Le
non=zero tndicating the ch@nn@l whiech trapped.

When the ch@nnez that trapped ls Jfound, X1 will
contain Lts index. The memory reglsters are then set
to the value of X1 for reading out or writing into and
I04AC and I0SI are initiallzed. If no activity is known
of or there is no priority the transjfer to o user select
routine is skipped and ISSEK is given control.

If there is an active unit, IOCHECK is set to I
to process the trap for any error condltions. The error
processor will try to correct the condiiion and post

the UCH as to the results. The record count field is




then fetched and updated and stored back inito the UCH.
The address of the select routine is then extiracted

and the CPUIC set to give control to the routine. The
USER control register ile set to 1 to hold up the control
program while the Select processing ts belng done.

When the SEL- is finished, USER will be set to 0 and
IO0&X can continue.

After the Skl- entry, there are bookkeeping funciions
performed and ISSEK ls given control to select the next
unit. On return from ISSEK, the locatlon indleating the
trap Ls set to O and WAITING ie tested to see Lf a walt
was in process. If a WAIT was in process, then WAIT is

set to 0 to allow the checkling to oceur.

3.4 ISSEK seguence Cﬁﬂﬁiﬁ

Figure 6 presents the ISSEK sequence., When ISSEK
becomes 1 this seguence begins, . Initielizatlon le per=-
Jormed and the priority locatlon le aheakéd to see Lf
any unit has priority. If there is a unlt with priority
and there 1s a specified Select routine then the channel
is reset and the users select routine given control when
the channel operation has stopped. IThe Select routine
is given control by setting the CPUIC to thebaddress
and setting USER to 1. If no unit has priority, or there
is no specified select routine for the unlt with priority,

a search is tnitlated for a UCE wlth a select routine.

16



The chain of UCBS on the channel is searched for a specified
select routine and this unit ls glven conirol of the
channel. If no unlt has a Select routine specijflied, the

channel ts allowed to go dormont and is ilnactlive.

4, Nicroprogram

To convert the sequence charits into a Microprogram ,
a control configuration is flrst developed. The sequence
charts are them expressed inm DL and the final Micro-

program developed.

4.1 Microprogram Control Configuration

The control memory is a Jast memory having a capacity
of 64 words of 96 bits. There is ¢ 6 bit address register
CAK and a 96 bit buffer register F. Fach location of
the control memory containe 6 microinstruction,

The controlchnfiguratLon ie shown in Figure 7.
Register K is a 1 bit register used to control read out
of microinstruetions or their execution. When k=p the
memory is read and when E=| the execution of the insiruction
occurs, To provide for 1 level of subroutine, 6 bit
register CARRET hoas been provided. There ls a four phase
cloek P, MC is a ring counter used to sequence the main
memory through Jfour cycles.

The control signals are developed as a combination
of P, MC and F. [This conjfiguration can be described by

the following (DL statements,




Comment, control configuration jfor the I0EX processor

Register, Me(0=3), dmain & auxiliary memory control
CAR(1-6), $eontrol memory address register
r(0-95), $eontrol memory buffer register
g, Jcontrol memory read control
Go, $control flip flop
CARRET(1-6) Ssubroutine return

Terminal, RUN=ACTIVE, OR, TRAP, OR, ISSEK, OR( WAITING,AND WAIT')
Subregister, F(ADS)=F(90-95) $address field ’

Memory, CM(0=65;0=«95) feontrol memory
Switch, START(ON) dstart switeh
Clock, P(0=3) dfour phuse clock
/P(3)*RUN/ MC €=CIRMC $sequence MC

4.2 Statement Deseription

The jformat of the eontfol word le shown in Table
1, with each bit pérfOﬁming the speclfied operation.

The timing slgnale are such that each clock cycle
is a control memory cycle and 4 control memory cycles
make up the main memory cycle. There are 4 steps in
each control memory cycle and 16 steps in eqch main
memory cycle.

The reading of the maln memory oceurs ot the 5th
clock step (i/e. MC(1)%P(1)}*RUN). The writing into
main memory occurs ot the 18th step (MC(Z)¥P(})*RUN).

When & is reset to O the following seguence of

labels occurs to read another microlnstruction.

18



JP(O)*RUN%E 1] F ¢=CH(CAR)

E &1
JP(1)*RUN*E [

JP(2)*RUN*E ]

JP(3)*RUNYE " [ CAR &-countup CAR

CAR is setl depending on which actlon has been
requested (i.e. ACTIVE or TRAF) and run 1s a terminal
defined for execution control purposes. IThe state
of WAIT and WAITING determines the ACTIVE walt loop.

The following CDI statements can be used to describe

the sequence chorts.

19




Comment, description of active seguence

/START(ON )/
JACTIVE*GO* [SSEK '/

/ TRAP*GO*ISSLK '/

GO é=1, ISSEK «=0,ACTIVE €-0, TRAP -0
GO &=0, CAR -0,k =0
GO €=0, CAR ¢=-15,F ¢=0

Comment, control memory fetch cycle

JFP(O )*xRUN*E' ]
J/P(3)%RUN*E ']

F ¢=CHM(CAR),E &=1
CAR ¢=countup CAR

Comment, execute microtinstruction at location 0O

JP(1)%RUN*F(48)/
JP(1)%RUN*F(49)/
JP(1)*RUN*F(87)/
\wxmywmae*w\Ng\\
/MC(1)%P(1)*RUN*F(1)/
/MO(3)*P(2)*RUN/

WAIT €=0
TRPSW «<0
X4 ¢=XR4
AR &-X4,4DD, 1
SR €-MEM(AR)

E =0

Comment, fetch and execute microinstruction at loeation 1

[ P(3)*RUN*E ' [

JP(0 )*RUN®E !/
JP(1)%RUN*F(11)/
/MCO(1)%P(1 )*RUN*F(1)/
JHC(3)%P(2}%*RUN/

CAR e=-countup CAR
F €-CH(CAR), & &=1
AR €=SR(21-35)
SR €-MEM{AR)

E ¢=0

Comment, fetch and execute the mieroinstruction at location 2

JP(3)#RUN*E !/
JP(O)*RUN*E"/
JP(1)%RUN*F(26)/
JP(1)#RUN*F(85)/

JP(1)%RUN*F(11)/
/MO(1)*P(1)%RUN*F(1)/

CAR é=countup CAR

F &€=CM(CAR),E <=1

T0AC &=SR

UCWPT &=SR :
AR ¢-SR{21-35)

SR &-HEM(AR)

20



JMC(3 ) P(2 )¥RUN/

E ¢=0

Comment, fetch and execute the mlcroinsiruction at location 3

JF(3)%RUN¥E" [
/P(0)*RUN*E !/
JP(1)%RUN*F(32)/
JE(1)*RUN*F(69)/
JE(1)#RUN*F(15)/
JP(2)*RUN®F(0)/
Comment felch and execute
JE(3)RRUNSE)
JP(0)hUN*E1]
JP(1)xrUl*F(16)}/
JP(1)¥RUN*F(39)/

JHO(2 )*P(1)¥RUN*F(16)/
/MO (3 )%P(3)*RUN*F(66)/

CAR é=countup CAR

F ¢=CM(CAR), & €=1

Xl ¢=SR(3-17).AND.017

IF(TRAP=0) THEN CAR&F(ADS) SXFER to 5
AP ¢-X1,AA €-X1,ARR «=X3AU €=X1,A0C €=X1
& e=0

mieroinstruction at Zocatton44

CAR é=-countup CAR

F &=CH(CAR), & <=1

PB €-I0AC

CPUIC &-X4.ADD. 1

CHXSP(AP} «-PB

GO €=1,ACTIVE &=0

Comment, Jfetch and executle microinstruction at location 5

JP(8)*RUN*E !/
JP(0)*RUN*E [
JP(1)*RUN*F(42)/

JP(2 )eRUN*F(10 )/
/M1 )*P(1)RUN*F(1)/
/MC(3 )% P(2)*RUN/

CAR é=countup CAR
F &-CHM(CAR) E €é-1

CPUICS €-CPUIC, ACS &=AC, XRIS é&=XR1, XR2S «=XR2,
XR4S &=FR4, MQS &=MQ,SIS €&-51

AR €=X4,4DD.1
SR &=MEM(AR)
E &=0

Comment, jfetch and execute the microinsétruction at location 6

/P(3)RUN*&" [
/P(0 )#RUN*E '/
JP(1)¥RUN*F(26)/

JMO(1)%F(1)*RUN*F(2 )/

CAR &=countup CAR
F &-CHM{CAR), B €=1
I040 &SR

AE €~CHXAC(AA)

V]
b




/NC(3)%P(2 )*RUN/ E ¢=0

A Y

Comment, fetch and execute the microinsiruction at location 7

JP(8)*RUN*E "] CAR g-countup (CAR)

JP(0)*RUN*E "/ F é=CHM(CAR),E &=1

JP(1)%RUN*F(69)/ IF (AB=Q) THEN CAR £-F(ADS) SXFER to 10
J/P(2)%RUN*F(0 )/ E ¢<0

Comment, Jfetch and execute the microinstrucition et location 8

/P(3)*RUN*& 1/ CAR ¢-countup CAR

/P(O )#RUN*s 1/ F é=CM(CAR),E €=1

JP(1)}*RUN*F(70)/ IF(I0AC(S)=1) THEN CAR&E(ADS) BXFER to 12
JP(2)*RUN*F(0 )/ E £=0

Comment, jfeteh and execute the mieroinstruetion at loecation 9

JP(3)%RUN*H !/ CAR «~countup CAR
[P0 )*%RUN ¥t/ F €-CM(CAR), E ¢-1
[ P(1)xRUN*F(40)/ AC €=ACS, XR]1 €=XR1S, XR2 ¢-XR2S, XRd €=XR4S,

MQ €=-MQS,SI €-SIS
/P91 )%RUN*F(39)/ . COPUIC ¢-X4,A4DD.1
S MC(3)%P(3)*RUN¥F(66)] GO &=1, ACTIVE ¢-0

Comment, fetech and execute the microinstruection at location 10

JP(3)%RUN*E 1/ CAR ¢-countupCAR

JP(10 )%RUN*E!/ F €-CM(CAR), E é=~1

JE(1)%RUN%F(43)/ TOMQ ¢=I0AC

[P(1)RUN*F{17)/ RB =0

JP{1)#RUN®F(50)] TRPSKW €=UCKWPT

JE(2)%RUN*F(27)] I0AC <=UCWPT ,

JMO(2)P(1)%F(7)/ URRX(ARR) €=RB,CARRET €=CAR

JHC(2)2P(2)%F(47 )/ CAR €-F(4DS) SXFER to 82

[MO(2)*P(2)%F(51)] ISSEK ¢=1

Y]

%)



J¥C(3)#P(2 J%RUN/

E &=0

Comment, jfetch and execute the microinstruction at location 11

JP(3)%Rilw8" ]
/PO )REUN*E1 ]
JE(1)%RUN*F(49)/
JF(1)%RLI*E(52)/
JE(1)*RUN*F(40 )/

JP(1)*RUN*F(539)/
/KC(8 )¥P(3 )% RUN*F(66 )/

CAR e=countup CAR
F &=CM(CAR),E «~1
TRESW &=0

ENESW (3=17) &=0

AC &~ACS, XR] &-XH1S,XR2 &-XR2S, Xhdé=XR4S,
MG &=HQS, ST &=5L8

CPUIC é-X4.ADD, 1
GO ¢~1, ACTIVE &=0

Comment, Jetch and execute the microinsitruetion at location 12

/(3 )%RUN*E" ]
JP(O ) *RUN%E "/
JP(1)%RUN*F(16)/
JF(1)%RUN*F(53)}/
JP(1)*RUN*FE(54)/
JP(1)%rUN*F(55)/

/P 1)%RUN*F(56)/
JMO(1J*F(1 )% RUN*F(6 )/
JMC(3)%P(3)*RUN*F(66 )/

AR #=countup AR
F ¢=CM(CAR),E <=1
PR €-I04C
WAITING é€~1
SAVEXD €=X1
SAVEIQAC £€=104AC
WAIT =1
CHXSP({AF) ¢=-PB

GO &=, ACTIVE &=0

Comment, Jfetch and execute the microlnesitruction at location 13

[P(3)RRUN*ET ]
JF(O)#RUN*ET [
/P(1)¥RUN*F(33)}/
JP(1)JRUN*F(28 )/
JP(1)#RUN*F(15)/
/HO(1)¥P(1)*RUN*F(3 )}/

JMO(1)%P(1)*RUN*F(2)/

AR ¢=countup CAR

F &«-CMUAR)E ¢-1

X1 &=SAVEXI

TOAC &=SAVEIOAC

AP é=fi, A4 £=X1,ARR #-X1,AU #=X1,ACC «=X1
PB <=CHXSP(AP)

AL €=CHXAC(AA)




[MC(3)*P(Z)%F(0)/ E 4-0

Comment, fetch and execute microinsiruction at loeation i4

JP(3)*RUN%E 1/ CAR &=countup CAR
[P0 )2hUN¥%y 1/ F &€-CM(CAR), E €-1
JP(1)%RUN*F(71)/ IF(PB=0, GR. I0AC=AB) THEN (WAITING &=0,

CAR ¢=F(ADS) ELSE (WAIT &~1,G0 &=1,ACTIVE «<0)
Comment, description of the trap seguence

Comment, fetch and execute the mieroinstruction at location 15

JP(0)*RUN¥E 1/ F ¢~CM(CAR),E ¢<1

JP(1)%RUN*F(76)/ IF(WAITING=1)THEN CPUICS €-CPUIC,ACS €-AC,HMQS€-MQ
XR1S €-%R1, XR2S &=-KR2, XR4S é-XR4,SIS &=-SI -

/P(JJ%RUN%F(14)/ AR &-10,400 €=9,X] €=1

/MC(1)%P(1)*RUN*F(4)/ OB &-CHAN(ACC)

JMC(8)*P(2)*RUN/ E ¢=0

Comment, feteh and execute the microinstruction at location 16

JP(3)*RUN%4 "/ CAR €-countup CAR
[P0 )*RUN¥E !/ F %-ow(oxﬁ),g &-1
JP(1)%rUNwF(44)/ COUNT €-CB(21-85)
J/P(2)¥RUN®F(0 )/ E ¢=0

Comment, jetch and execute the microinstruction at location 17

J/EP(3)%RUN*E 1/ CAR ¢-countup CAR
/PO )%RUN*E ! [ F &=CM(CAR),E &=1
JMO(1)#P(1)#RUN*F(1 )/ SR €=MEM(AR)
JMC(3)%P(2)*RUN/ E &=0

Comment, fetch and execute the microinstruection at location I8

JP(3)%RUN*&?/ CAR &-countup CAR
JP(0)%RUN*E ] F &-CM(CAR),E &=-1
JP{1)*RUN*F(72)/ IF(SE=0) THEN CAR &=F(ABS) LLSE Xlé-countup XI,
COUNT <€=countdouwn OOUNT, AF ¢<AR.ADD.2
SXFER to 21
JP(2)*RUN*F(0 )/ E ==0



Comment, Jfetch and execute the miroinstruction at location 19

JE(3)*RUN*E T/ CAR &~countupCAR

JE(0 )% RUN*®E !/ F &=CH(CAR),E ¢-1

JP(1)*RUN*F(75)/ TF(COUNT=0) THEN CAR 4-F(ADS) SXFER to 17
JP(2)#*RUN*F(0 )/ E &=0

Comment, fetch and execute the mieroinstruction at location 20

JP(3)%RUN*E !/ CAR &=countupCAR

/P(O)*RUN*E [ F &=CM(CAR) B £=1

JP(1)¥RUN*F(78)/ IF(WAITING=1) THEN (WAIT 4=0, CAR &-F(ADS))
$XFER to 13

JP(2)+RUN*F(86)/ GO é-1, TRAP ¢<0

‘Gomment) feteh and execute the mieroinatruction at location 21

JP(3)¥RUN*E "/ OAR ¢=countupCAR

JP(0 J*RUN*E !/ F ¢=CM(CAR),E €=1

JP(1)*RUN*F(26 )/ TOAC &=SR

JP(1}#RUN*F(57)/ IOSI 4=SR

J(P(1)*RUN*F(15)/ AP &=X1,AA &=X1,ARR ¢-X1,AU¢=X1,A4C0C &=X1
JHO(1 )#P( 1 )xRUN*F(2 )/ AB £=CHXAC(AA)

JMO(1)%P(1)*RUN*F(3)/ PE &=~CHXSP(AP)

SO (2 )%P(2)*RUN/ E &=0

comment, Jfetch and execute mieroinstruction at location 22

JP(3)%RUN*E ! [ CAR 4=countupCAR

JP(O )*RUN*E ! [ F 4=CM{CAR) B &1

/B(1)%RUI%F(25)/ [F(4B=0) THEN CAR &=F(ADS) $XFER to 25
[P(2)*RUN¥F(0)/ B &=0

comment, fetch and executle mieroinstruction at location 23
/P(3)#RUN*E" [ QAR <-countup CAR

JP(O )¥RUN¥E "/ F &=CH{CAR), B <=1

)
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JP(1)*RUN*F(74)/
/P(2)%RUN*F(0 )}/

IF (PB=0) THEN CAR &=-F(ADS) $XFER to 29
E &=0

Comment, fetch and execute the microinstruction at location 24

/P(3)%RUN*K1 [
/P(0)*RUN*E 1/
/P(1)*RUN*F(18)/
/MC(2)%P(1)%RUN*F(9)/
/MC(2)%P(2)*RUN/

CAR 4=countup CAR
F &= CH(CAR),E é=1
AB &=FF

CHXAC(AA) €=-AB

E &=0

Comment, fetch and execute the microinstruction at location 25

/P(8)*RUN%E !/
/P(O}%ﬁyﬁﬁg!/
/P(z)%ﬁUN%ﬁ(58)/
/P(1)%RUN*F(46)/
[P(2)*RUN*F (47 )/
JP(2)*RUN*F(0)/

CAR <-countup(CAR)

F &=CM(CAR),E &=1

TOCHECK -1

CARRET &-CAR

CAR ¢=F(ADS) ‘ S$XFER. TO IOCHECK:
E &=0

Comment, fetch and execute microinstruction at location 26

/P(3)*RUN*E 1/

/P(0 )*RUN%E !/
/P(1)%RUN*F(35)/
/P(2)%RUn*F(12)/
/MO(J}%P(ZJ%ﬁyN%F(lj/

JMC(2)#P(2 ) *RUN/

CAR €=countup (CAR)
F «=CM(CAR),E ¢-1
X2 €-AR

AR &~TRPSW.ADD. 1

SR €=MEM(AR)

E ¢-0

Comment, Jfetch and execute the microinstruction at lIocation 27

/P(3)%RUN*E 1/

/PO )*RUN#E 1/
JP(1)#RUN*F(19)/
JHC(2)%P(1)*RUN®F(8)/
/MC(3)*P(2)RUN/

CAR é=countupCAR
Fe-CH{CAR), E <=1

SR(COUNT) &=countup SR(COUNT)
MEM(AR) &=SR

E &=0

26



Comment, jfeteh and execute the microlnstruction at location 28

JE(3)*RUN*E?T ]
JE(O)#RUN¥k?/
JF(1)%RUN*F(41)/
JP(1)%RUI#F(59)/
JE(1)#RUN*F (60 )/
JE(Z)%EUN¥E(0O )/

CAR é-countup CAR
F «=-CH{CAR) , E &=1

CPUIC «=SR(ADDR)
AC(S) &=1

USER =1

E &=0

Comment, jetch aond execute the microinstruction at location 29

JP(3)*RUN*E [
JP(O )#RUN*k 1/
[ P(1)xr0NE(77)/)

JP(2 )%RUN*F(0 )/

CAR eé=countup CAR
F &=CH(CAR),E &=1
IF (USER=1) THEN CAR £=F(ADS)

E &=0

SXFER to 29

Comment, fetch and execute the microilnsiruction et location 30

JFP(8)*RUN*5 1/

JE(O )= RrUN*E 1/

[P(1)%Rysr(17)/
JP(1)¥RUN*F(29)]
JP(1)%RUN*F(20 )/
JFP(1)*RUN*F(61)/
JP(1)%RUN¥F(46)/
JP(2)*RUN¥F(65)/
/P(2)*RUN*F(47)/

JHC(2 )#P( 1 )*RUN*F(7 )/
/MO(2)%P(1)%F(6)/

[HO(2 J%P(1)%F(51)/

AR €=countup CAR
F &=CM{CAR), B @=1

RB &=0

IOAC €=AF

PB é=AF

UCWPT «=TRPSW
CARRET £€=CAR
TOAC(S) &=0
CAR €=F(ADS)
URRX(ARR) é=RE
CHXSP(AP) &=PR
ISSEK &-1

$XFLR TO 82

Comment, fetch and execute the microinsiruction ot locailion 31

JP(3)*RUN*E "]

JP(O)*RUN#4 1]

OAR d-—countup CAR

F &=CM{CAR), B €-1

P
&




/P(1)*RUN*F(18)/ AR &-X2

JF(1)%rUN*F(21)] SR €-0
JP(2)*RUN*F(47)/ CAR ¢=F(ADS)
JHC(2)%P(1)*RUN*F(8)/ MEM(AR) &=SR
JMC(3)%¥P(2)*RUN/ E ¢-0

Comment, ISSEK subroutine sequence

Comment, fetch and execute the microinstruction at location 32

J/P(3)*RUN*E"/ CAR &=-countup CAR
/P(OJ*RUN*E !/ F &-0M(CAR),E &=d
/P(1)%RUN*F(36)/ X24=UCWPT
/P(1)%RUN*F(62)/ ISSSP &-UCWPT
/MC(1)%P(1)%RUN%F(3)/ PB ¢=CHXSP(AP)
/MC(3)%P(2 )*RUN/ E &-0

Comment, fetch and execute the microinstruction at location 33

JP(3)%RUN*E T/ CAR &-countup CAR

JP(O )*kUN#E" [ F &=CM(CAR),E &-1

JP(1)xRUN*F(74)/ IF(PB=0) THEN CAR 4=-F(ADS) $XFER o 37
[P(2)%RUN*F(0 )/ E ¢=0

Comment, fetch and execute the microinsiruction at loeation 34

[ P(3)*RUN*E 1] CAR &=countup CAR
J PO )%RUN*E ]/ F &-CM(CAR),E ¢-1
JP(1)%RUN%F(10 )] AR €-X4.4DD. 1
/MC(1)#*P(1)*RUN*F(1)/ SR €=MEM(AR)
JMCO(3 J*P(2)*RUN/ E &-0

Comment, jfetch and execute the microinsiruction at” location 35

JP(3)*RUN*E [ AR &-countup CAR

JP(O)*RUN®E [ F é=CM(CAR),E é&-1

JP(1)%RUN*F(79)/ IF(SR(3=17)=0) THEN CAR £€-F(ADS)  $XFER to 42
/P(2)*RUN*F(0 )] & -0

28



Comment, fetch and execute the microinstruction at locatlon 36

JP(3)*RUN¥E 1/ CAR €=countup CAR
[P(O )*RUN*E [ F €-CH(CAR), E €=1
JP(1)*RUN*F(21)] SR &=0
JP(1)*RUN*F(63)/ ISSSP &=0
/MC(2)#P(1)*RUN*F(8 )/ MEM(AR) &=SR
/MC(3)*P(1)*RUN/ B =0

Comment, feteh and execute the microtnstructton at location 37

JP(S)*RUN*L !/ CAR e-countup CAR
/P(O)%RUN*E" /[ F €-CM(CAR),E -1
/Méfz)%Pzz)%ﬁyN*ﬁ(5)/ UB €=UCEX(AU)
JMC(3)%P(2)¥RUN/ L &=0

Comment, fetch and execute Lhe microinstiruction at location 38

JP(3)%RUN*E T/ CAR é-countup CAR
JP(O J#RUN*E? [ F &=CM{CAR), B ==1
JP(1)%RUN*F(31)/ TOAC éaaﬁ
JP(1)*RUN*F(37)/ X2 &-UB(21-35)
JP(1)¥RUN*F(45 )}/ COURT €=-UB(8=17)
JP(2)%RUN*F(0)] E &=0

Comment, Jfetch and execute the microinstruction at location 39

/P(3)%RUN#E "/ CAR &=-countup CAR
JP(O)%RUN*L !/ F €=CM(CAR),E =<1
JP(2 ) ¥RUN*F(22)/ AR &=X2,4DD, 1
JHO(1)#P(2)xRUN¥F(1)/ SR e-MEM(AR)
JHC(3 %P2 )xRUN/ E &<0

Comment, Jfetch and execute the mieroinstruction at location 40
JP(3)%RUN*E [ CAR 4-countup CAR

JP(O J¥RUN*E ] F &eOM{CAR) E =<1




/P(1)%RUN*F(80)/ IF (SR=0) THEN (ISSSP &=X2,XR2 €=X2,
CAR €~F(ADS)) ELSE X2 €=-X2.ADD.4,
COUNT <£=-countdown COUNT $XFER to 43

JP(2)*RUN*F(81)] IF (COUNT=0) THEN CAR «-CAR.ADD.2
ELSE AB &-PB

JE(2)*RUN*F(0 )/ E &=0

Comment, fetch and execute the mlcroinstruction at location 41

/P(3)*RUN*L 1 [ CAR &=countup CAR
/P(O)*RUN*E !/ F 4=CM(CAR),E =1
/MC(2)%P(1)*RUN*F(6)/ CHXSP(AP) €-PB
/MC(2 )%P(1)*RUN*F(9)/ CHXAC(AA) &-AB
/MC(3)*P(2)*RUN/ E &=0

Comment, fetch and execute the microinstruction at location 42

/P(8)*RUN¥*k 1 [ CAR. €-countup CAR
/P(0)*RUN*E !/ F &€-CM(CAR),E €-1 -
/P(1)*RUN*F(67)/ ISSEK €=0
[P(1)%RUN*F(84)/ CAR €=CARRET
JP(2)*RUN%F(0 )/ - E &=0

Comment, Jjetch end execute the microinstruction at locatlion 43

JP(3)*RUN*E [ CAR é-countup CAR

/P(0 )*RUN*E !/ F €-CM(CAR), E &=1
/P(1)%RUN*F(64)/ RES CHAWN X1
JP(1)*RUN*F(25)/ AC €=X2,AB &=X2,PB &=X2
JP(2)#RON*F(65)/ AC(S) €=0
/MC’(S)%P(JJ%BUN*F(QO/ CHXAC(A4) &€-AB
JMC(2)#P(1)*RUN*E(6)/ CHXSP(AP) &=PF
/MC(3)#P( 1 )*RUN/ E &=0

Comment, Jjetch and execute the mieroilnstruction at location 44

JP(3)%RUN#E [ CAR €-countup CAR
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JP(O)sRUN*E T/ F &= CM(CAR),E é=1

JP(1)%RUN*F(82)/ IF (CHANX1=ACTIVE) THEN CAR £=F(ADS)
ELSE (CPUIC €=SR(2i=35),USER £=~1) $XFER to 41
JE(Z )*RUN*F(0 )/ E &=0

Comment, feteh and execute the mleroinstruction at location 45

JP(3)*RrUN*E 1/ CAR £-countup CAR

JP(O)%RUN*E 1/ F &=CM(CAR) ,E &=1

JP(1)%RUN*F(83)/ IF (USER=1) THEN CAR &=F(ADS) SXFER to 45
JP(2)*RUN%F(0)/ E &=0 |

Comment, Jfeteh and execute the microlnsiruction at location 46

JP(3)*RUN¥E !/ CAR &=countup CAR
/PO )=RUN*E [ F &=CM(CAR),E €=0
[P(1)«pun=r(47)/ CAR «-F(ADS)

JP(2)*RUN*F(0 )/ E &=0




4,3 Miecroprogram

Flgure 8 shows the octal mieroprogram representation
to do the Jjunctions of I0EX.

The microprogram was obtained by seelng what bits
of F are 1 and which are 0 during each control memory

cycle,

5. Conclusions

From this study of a part of IOEX, it can be seen
that mlero=programming of o supervisory system ls practical
_ and desirable,
By adding just a little additlonal hardware to the
, Oqucommunicatton can bé achleved with the supervisor.
In this manner, the problem programe willl jfunctlion the
same with microprogramming as without.¥here necessary,
control is gtven to the CPU for Jurther processing,
there by achleving ihe Jlextbility of software control and

the speed of mieroprogramming.
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Control
Memory

Address

|

Microinstruction
{Octal number)

-

DD fod frood ek b ok ok food ek ok fd
D WO =T U b CODN = O CO T U1 W GBI e O

DD
s

DY DI DO
W D DN

DY D DD
o -3 O WUt

G Lo o G o o D2
CT1 wf Cu DD s CD D

Qo G2
-3 I

W o
bt O3 QO

42
49

TE e

44
45
46

200200000000006060000000004000000
200000000001000600000000000000000
204100000000000060000000000020000
401004000010000000000010000000004
004002000000040000000040000000000
200200000000004000000000000000000
100000001000000000000000000000000
400000000000000000000004000000011
400000000000000000000002900000013
000000000000060000000040000000000
002001000400002114000000000000037
0000000006000060022000040000000000
0040020000000600001700040000000000
5400040002040000000000000060000010
000000000000000000000001000000000
0201000000000600000000000020060000
400000000060001000000000000000000
200000000000000000000000000000000
400000000000000000000000400000024
40000000000000600000006000200000020
000000500000000000000000004010014
140004001000000000040000000000000
400000000000000000000000040000030
400000000000000000000000100000034
0004004000000006000000000000000000
4000000000060000300020000000000000
200040000001000000000000000000000
001000200000600000000000000000000
400000000000010000014000000000000
4000000000600000006000000001000034
002001100100000304002100000000037
001020040000000100000000000000000
0400600000000400000001600000000000
4000000006000000000000000100000045
2002000000000060000000000000000000
400000000000000000000000002000052
001600040000000000000400000000000
160000006G000000000000000000000000
400000000062020040000006060000600000
200000062000000000006000006001400052
406000000600000006000000000000000600
QO%@QO@&G@@@?HQ@@f%@M%Mﬁ@ﬂﬁﬁﬁﬁﬁﬂﬁ
400000000000000000(
00440000200000000

*@%} &}{}@

400000000000000000000000002000050
400000000000000000000000010000054
Q0000000000000 IG000000000LL00000

Figure 8-The %?@W@pf@@ A
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T S

CONTROL WORD FORMAT
TABLE 1

OV TRA A O

o e o T 4L

B e o PPNy

E ¢-0

MICROINSTRUCTION

SR é=MEM(AR)

AL €=CHXAC(AA)

PE €~CHXSP(AP)

OB «=CHAN(ACC)

UL ¢=UCBX(AU)

CHXSP(AP) «=PB

URRX(ARR) <=RB

MEM(AR) +-SR

CHXAC(AA) &=ABF

AR €=X4,A4DD. 1

AR €-SR(21-35)

AR €=~TRPSW,ADD, 1

AR €-X2 .

AR =10, A0C €=9, X1 e=1

AP €=X1,AA €=X1, ARR ¢=X1,AU €=X1,A0C €-X1
PE ¢=T0AC

RE &=0

AB ¢=PB

SR{(COUNT ) &~ oountupSR(COUNT)
PB 4=AB

SR €=0

AR ¢-X2.4DD, 1

AE ¢=0

PR ¢=0

AC €-X2, 4B e-X2, Pﬁ’é«XE
TOAC ¢-SR ‘

TOAC é=UCWPT ,

TO0AC ¢=SABEIOAC

IT0AC ¢=4F

TOAC(S) €=0

T0AC ¢=UF

K1 ¢=SR(83=-17)s AND. 017

X1 ¢=-SAVEX1

X1 <-countupkl, COUNT &=countdownCOUNT, AR €=AR.ADD.2
X2 ¢=AR

X2 ¢<UCWPT

X2 ¢=UB(21-35)

X2 ¢-X2,4DD. 4

CPUIC e=X4.ADD. 1

AC é=A0S, XR1 ¢=XR1S, XR2 &=XH2S, XRd «=XR4S,SI &£=SIS, Mq £=-MQS
CPUIC &~ Sﬁ(éﬂ@ﬁ}

OPUICS &-CPUIC,ACS <=AC,XR1S <-XR1, XR2S &~XFk2, XRLS &=XFR4,
SIS &=SI,MgS emMQ

I0MQ &eTOAD

COUNT <=-0B(21-35)

COUNT ¢=UB{83-17)

CARRET ¢-0AR

CAR ¢=F(ADS)

WAIT ¢=0

-

b o YR YRS

G 2 i S
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83
84
85
86
87

MICROINSTRUCTION

G £ gt

THPSW e«=0

TRPSW «=UCWPT

ISSEK e=1

ENBSW(3=-17) €=0

WAITING &=1

SAVEX] e-X1

SAVEIOAC €=I0AC

WALIT &=!

I8SI «=-SR

LOCHECK &=1

AC(S) é=-1

USER e¢=1

UCWPT «-TRPSW

LSSSP &=UCHPT

ISSSP ¢=0Q

RESET CHAN-X1

AC(S) €=0

GO ¢=1, ACTIVE &=0

ISSEK €=0

[F(TRAP=0} THEN LAReF(ADS)

IF (AB=0) THEN CAR=F(ADS)

LF (TOAC(S)=1) THEN CAReF(ADS)

[F(PE5=0.0R,AB=I0AC )JTHEN( WAITING €=0,CAR «=F(ADS))ELSE
(WAIT w=1,G0 €=1,ACTIVE €=0)

IF(SR=0)THEN CAR «-F(ADS) ELSE X1 «-countupXl, COUNT &-
countdownCOUNT, AR €=AR.ADD.2

IF(QOUNT=0)THEN CAR €~F(ADS),E &=0

IF(PB=C) THEN CAR <~F(ADS)

IF{AB=0) THEN CAR e=F(ADS)
IF{WAITING=1)THEN(CPUICS<~CPUIC, ACS <=AC,MQS €=MQ,XRIS «-XR1,
XR2S €=XRh2, XR4S &=XR4, SIS €=SI)

IF(USER=1JTHEN CARel(ADS)

IF(WAITING=1 )THEN(WAIT €=0, CAR &=F(ADS))
IF(SR(3=17)=0)THEN CAR €=F(ADS)

IF(SR=0)THEN(ISSSP ¢=-X2, XR2 «=X2, CAR «~F(ADS))ELSE
(X2 €=X2.ADD.4, COUNT <-countdoun COUNT)
ITF(COUNT=0) THEN CAR €<F(ADSJELSE AB «<PB

IF (CHANX1=ACGT) THEN CAR &«<F(ADSJELSE(CPUIC €-SP(21-35),
USER €=1)

IF({USER=1) THEN CAR «=F(ADS)

CAR <~ EBRRET |

UCWPT €=SR

GO0 =1, TRAP %=0

X4 @=XRd

SR
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Appendix

This appendix presents a set of three flow charts which describe

the ACTIVE, TRAP and ISSEK subroutines of the IOEX.
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