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• Preface

The Center for Information Systems Research (CISR) is a

• research center of the M.I.T. Sloan School of Management. it

• consists of a g roup of managemen t informa tion sys tems spec ial ists

including : faculty members, full—time research staff , and

student research assistants. The Center ’s general research

thrust is to devise better means for designing , implementing , and

maintaining application software , informa tion systems , and

decision support systems.

Within the context of the research effort sponsored by the

Naval Electronics Systems Command under contract

N00039—78—G—0160 , CISR has proposed to conduct basic research on

the Intelligent Memory System (IMS). The IMS is a high

perform ance , high availability information management system for

supporting future Command , Communication and Control Systems.

Current advrnces in LSI and Multi—Chip Integration technology

offer the potential for development of modular multi—processor

build ing b loc ks for informa tion managemen t , as well as for

intelligent memory controllers. Advances in information

management technologies have made it possible to hierarchically

organize the information management functions so as to facilitate

pipeline and parallel processing . Th~ IMS attempts to integrate

the above hardware and software advances. In the IMS , all the

information management functions are decomposed into a functional



I

nierarchy. Each level of the functional hierarchy is implemented

using modular multi—processor building blocks. An automatic

storage hierarchy is used by the IMS for storage and retrieval of

very large databases. Each level of the storage hierarchy is

implemented using modular multi—processor controllers and their

associated storage devices.

The proposed research described in Contract N00039—78—G—0160

focuses on the concept development , architectural design and

evaluation of the IMS storage hierarchy. Specific research tasks

to be accomplished are : (1) design of a general structure of

the IMS storage hierarchy, (2) design of a revised structure of

the IMS storage hierarchy, (3) develop algorithms for the IMS

storage hierarchy , (4) performance evaluation of the IMS storage

hierarchy .

Technical Report No. I. introduces the concepts of IMS and its

research directions. Technical Report No. 2 discusses the

concepts of data storage hierarchies from a practical point of

view. A design of DSH—l , the data storage hierarchy of the IMS

database computer , is described . Technical Report No. 3

describes a simple structure of the IMS data storage hierarchy

derived from DSH—l . Algorithms for supporting the read and write

operations are developed . This report discusses the results of a

series of simulation stud ies of the DSH—ll Data Storage Hierarchy

System. 

~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~



ABSTRACT

This report discusses the results of a series of simula-

tion studies of the DSH—ll Data Storage Hierarchy System.

DSH—ll is a storage subsystem specially designed for the

Intelligent Memory System (IMS). IMS is a backend computer

specially designed for performing efficient and reliable

database management . Descriptions of the IMS and the DSH—ll

are presented in several companion reports. This report

focuses on the performance evaluation of DSH—ll.

A key objective of these simulation studies is to assess

the feasibility of supporting very large transaction rates

(millions of reads and writes per second ) with good response

time (less than a millisecond ) using the DSH—ll storage

hierarchy and the read—through and store—behind algorithms.

An initial GPSS/360 simulation model was developed for a

DSH—ll configuration with one processor and three storage

levels. The results obtained from this model proved inter—

estirtg . It was found that , at very high locality levels,

when most of the references are satisfied by the highest

per formanc e s tora ge level , the store—behind algorithm inter-

acts with the DSH—ll buffer management algorithms to create



a system deadlock . This was not anticipated in the design

of DSH—ll , and led to a redesign of the DSH—ll buffer man-

agement scheme .

Another GPSS/360 simulation model was developed for a

DSH—ll configuration with five processors and four storage

levels. This model makes use of deadlock—free buffer man-

agement algorithms. Results from this model revealed

further interesting properties of the store—behind algorithm

and of the DSH—ll design. It was found that at high local-

ity levels , the store—behind requests form a pipeline. Thus

the rate of write operations that can be serviced is limited

by the slowest stage in the pipeline , i.e., the slowest sto-

rage device. It was also found that a bottleneck may be

developed at the lowest level when the block size of that

level is too large.

A better balanced system was obtained by increasing the

degree of parallelism in the lower storage levels and by

decreasing the block sizes used by these storage levels.

This system was then used as a basis to compare the per for-

mance of the DSH—ll architecture under different technology

assumptions. It was found that using 1979 technologies , a

throughput of .7 million operations per second with mean

response time of 60 microseconds was obtainable for a mix of

storage references consisting of 70 percent read requests

— ii —



and 30 percent write requests. Using 1985 technologies , the

same storage reference mix produced a throughput of 4 rnil—

lion operations per second with a mean response time of 10

• microseconds.
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Section I

iNTRODUCTION

The Inte]~1igent Memory System (IMS) is a hi gh perfor-

mance , nigh availability database computer structured as a

functional hierar chy interfacing with a storage hierarchy

• (Figure 1.1). Concepts and research issues of the IMS Data

Base Computer are discussed in detail in (Lam and Madnick ,

1979a). The approach of IMS is to decompose the information

management functions into a hierarchy of modules. Parallel 
-•

and pipeline operations are exploited to obtain high

throughput. A storage hierarchy is specifically designed to

support ~u1ti p1e processor and acts as a very large perme—

nant virtual storage for the functional hierar chy.

A design of the general structure of the IMS Data Storage

Hierarchy is described in (Lam and Madnick , 1979b) . A sim-

plified design of the IMS Data Storage Hierarchy, referred

to as DSH—11 , is described in (Lam and Madnick , 1979c).

Detail protocols for supporting the read—through and store—

behind operations in DSI{—ll are also presented in (Lam and

Madnick , 1979c).
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This report is concerned with the performance of DSH—ll .

Simulation studies have been carried out to answer some

basic questions about the performance of DSH—ll. It was

also hoped that these studies would provide some insights to

the read—through and store—behind algorithms.

• In the following sections , the DSH—ll structure and its

algorithms will be briefly reviewed . Then a simulation

model of DSH—ll with one processor kind three storage levels ,

referred to as the P1L3 model , is described . Simulation

results obtained from this model are analyzed . Then another

simulation model of DSH—ll with five processors and four

storage --levels , referred to as the P5L4 model , is developed .

This model is then used to assess the capabilities of DSH—ll

under different technology assumptions.

— 3 —
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Sec t ion  II

THE D S H — l l  STRUCTURE

A general structure of the IMS data storage hierarchy

from which DSH—ll is derived has been described in (Lam and

Madnick , l979b~ . The structure of DSH—ll and the protocols

for supporting the read—through and store—behind operations

are described in (Lam and Madnick , l979c). This section

briefly reviews materials presented in detail in (Lam and

Madnick , l979b; Lam and Madnick , 1979c).

2.1 THE DSH—ll INTERFAC E

DSH—ll supports a large numbe r of processors. Each proces—

sor has its own instruction memory and uses DSH—ll as a very

large permenant virtual data memory. A processor directly

addresses DSH—ll via address mapping . This is illustrated

in Figure 2.1(a) and Figure 2.1(b). If the addressed data

is not found in the highest storage level of DSH—ll , a delay

similar to a page fault in virtual memory systems (Denning ,

1970) will occur and the processor may switch to another

process while waiting for the data to be retrieved from a

lowe r storage level. Thus , a processor may have severai

requests to DSH—ll pending and many requests can be at ~ar i—

— 4 —
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ous s tages of comple t ion  in D SH — l l  at  one t ime . This h i g h

degree  of p a r a l l e l  ope ra t ion  in DSH— l l  is a key d e t e r m i n a n t

of i ts  h i g h  p e r f o r m a n c e .

2 . 2  THE DSH-ll  ARCH ITECTURE

The D S H — l l  a r c h i t e c t u r e  is i l l u s t r a t e d  in F i g u r e  2 . 2 .  The

h ighes t  p e r f o r m a n c e  s torage  level , L(l) consists of the data

caches .  Each da ta  cache co r re sponds  to a DSH — ll  memory po r t

t h a t  connects  to a processor. All the data caches share a

local  bus , LBUS 1. There  is a storage level controller , Kl ,

t h a t  serves  as the c o m m u n i c a t i o n  g a t e w a y  between L ( 1 )  and

lower s to rage  levels .

A t yp ica l  s to rage  level , L ( i ) ,  fo r  i g r e a t e r  than  1, con-

s i s t s  of a s to rage  level c o n t r o l l e r , Ki , a m emo r y r eque st

processor , Ri , and a numbe r of s t o r age  device  modules , Dil ,

Dim.  All  these modules  s h a r e  a local bus , LBUSi .  Ki

is the  c o m m u n i c a t i o n  ga teway  be tween L ( i )  and o ther  s to rage

leve l s .  Ri maintains a directory of all the data in L i i ) .

Dij performs the actual storage and retrieval of data.

The global bus , GBIIS , connects all the storage level con-

trollers of the storage levels. All communications among

storage levels make use of the GBUS .

— 6 —
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2 .3  DSH-l J. ALGOR ITHNS

DS H — l l  makes use of the r e a d — t h r o u g h  and t w o — l e v e l — s t o r e —

behind data movement  algorithms. A request to read a data

item is handled by a data cache. If the data item is found

in the data cache , it is retrieved and sent to the proces-

sor. If the data item is not in the data cache , the request

is passed down to lower storage levels , one by one . At each

storage level , the memory request processor searches its

directory to determine if the addressed data item is in that

level. When the addressed data item is found at a storage

level , a block of data containing the addressed data item is

broadcasted to all upper storage levels, Each upper storage

level then extracts a subblock from the broadcast that con-

tains the addressed data item. The subblock is stored in

the storage level . To accomodate an incoming block , an

existing block may have to be evicted from a storage level.

The way evicted blocks are handled is referred to as the

overflow handling strategy.

In a wr ite operation , the data block to be updated is

first read into the data cache . After the data block is

updated , the data block is sent to the next lower storage

level which will update the larger block that contains the

data block. Thus , the effect of the update is propagated to

lower storage levels. The two—level—store—behind strategy

— 8 —



-•-• •_ 

~~~~~~~~~~~~~~~~ 

_ _

ensu res  t ha t  prope r acknowled gements  are obtained at a given

storage level  tha t  indicates an updated block has been pro-

pagated at least two storage levels down the hierarchy.

Thus , at least two copies of the updated data exists at all

t ime s.

— 9 —

~L L~ . ._ • ~~~~~~~~~~~~ • . •~~~~~~~~~~~~~~~~~~~~~ •~~~~~~~~~~~~~~~~~~~~~~~~ •



Section III

A SIMULA TION MODEL OF DSH — ll  TH E P 1L3 MODEL

The P 1L3 model of DSH—l l  is a GPSS/360 model of a DSH — ll

c o n f i g u r a t i o n  w i t h  one processor and th ree  s to rage  levels .

It  r e p r e s e n t s  a basic  structure from which extensions to

i n c l u d e  more  processors  and storage levels can be made. The

s t r u c t u r e  of P 1L3 is i l l u s t r a t e d  in F i g u r e  3 . 1( a ) .  Each

module  in F i g u r e  3 . 1 ( a )  a c t u a l l y  consis ts  of f o u r  queues and

a fa c i l i t y  ( F i g u r e  3 . 1 ( b ) ) .  The f a c i l i t y  is r e f e r r e d  to as

the  r equ es t  processor  ( R P ) . There  a re  two inpu t  queues ,  one

for  transactions with data (the XQ), and one for transac-

tions with messages (the IQ). The two corresponding output

queues are named YQ and OQ respectively . The XQs and YQ5

have limited capacity, since they a re  the da t a  b u f f e r s .  We

will assume t h a t  t h er e  is no l i m i t  on the lengths of the IQs

and the OQs. The following example illustrates the naming

conven t ions used in the model . The K 2 s to rage  level con-

troller ac tually cons ists o f f ive componen ts , KRP2 , KIQ2 ,
KOQ2 , KXQ 2 and KYQ2. The current leng th of KXQ 2 is denoted

as KXL2 and the maximum allowable length of KXQ2 is denoted

as KXM2.

— 10 —
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3. 1 AN ILLUSTRATION OF THE DSH—l l  ALGORITHMS

A l i s t i n g  of the P 1L3 model is pres en ted  in Appendix  A .

To i l l u s t r a t e  the model logic ,  the f o l l o w i n g  is a b r i e f  des-

c r i p t i o n  of the path  fol lowed by a r e a d — t h r o u g h  t r a n s a c t i o n .

A read request  (TXN ) is queued in KIQ3 ( the  inpu t  message

queue of the s to rage  level c o n t r o l l e r  at  level 3 ) .  When

KRP3 is free , TXN is serviced and put in KOQ3. When LBUS3

i s a v a i l a b l e ,  TXN is Sent  to RIQ3 ( the  i n p ut  message queue

of the memory r eques t  processor  a t  l- ’~vel 3) where  i t  w a i t s

fo r RRP 3 , the r equ es t  processor . RRP3 then searches  i t s

d i r e c t o r y  to ob ta in  the rea l  address  fo r  TXN . TXN is put

in to  ROQ3 to be sent to a s torage  device , say ,  D3 1. When

LBUS 3 i s f r e e ,  TXN is sent  to DIQ3 1. TXN w a i t s  in DIQ3 1

(the  inpu t  message queue for  device  D3l )  for  DRP3 1 to be

free and also for a slot in DYQ31 (the output data queue for

D3 1) to hold the r e t r i e v e d  d a t a .  Wh en both c o n d i t i o n s  a re

met , DRP3 1 r e t r i e v e s  the  da ta  and puts  i t  in DYQ3 1 where  i t

w a i t s  for  the LB 1JS 3 to be f r e e  and for  the re  to be a slot in

KXQ3 ( t he  inpu t  da ta  queue of the s to rage  level c o n t r o l l e r

at  level 3)  to hold the d a t a .  When both cond i t i ons  are  met ,

the da ta  is sent to KXQ3. Then the da ta  is put  in KYQ3

waiting for the GBUS and for all the upper storage levels to

be f r e e  to receive  the b roadcas t .  When these cond i t i ons  a re

m e t ,  the da ta  is broadcasted to al l  upper s torage levels .

At the h i g h e s t  s to rage  l eve l ,  the da ta  is sent  to the appro—

— 12 —
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DEGREE OF MIJLTIPROGRAMING OF A CPU = 20
SIZES OF DATA QUEUES (xQ AND YQ) 10
DIRECTORY SEARCH TIME = 200 NANOSEC.

READ/WRITE TIME OF A L(1) STORAGE DEVICE = 100 NANOSEC .

READ/WRITE TIME OF A L(2) DEVICE = 1000 NANOSEC .
READ/WRiTE TIME OF A L(3) DEViCE = 10000 NANOSEC .

BUS SPEED = 10 MHZ 
-

BUS WIDTH = 8 BYTES

SIZE OF A TRANSACTION W ITHOUT DATA 8 BYTES
• BLOCK SIZE AT L(1) = 8 BYTES

BLOCK SIZE AT = 128 BYT ES

BLOCK SIZE AT L(3) = 1024 BYTES

% READ REQUESTS = 70%
% WRITE REQUESTS = 30%
CONDITIONAL PROB . OF FINDING DATA IN A LEVEL

GIVEN THAT THE DATA IS NOT IN ANY UPPER LEVEL = P

Fi gure 3.2
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pr i a te  da t a  cache c o n t r o l l e r  w h i c h  f o r w a r d s  the d at a  to the

CPU .

3.2 THE P1L3 MODEL PARAMETERS

The model is highly parametized . Parameters for the P1L3

model are chosen to reflect current (1979) processor and

storage technology. Two key parameters that characterize

the references made to DSH—ll are the locality level and the

proportion of read and write requests in the reference

stream. The locality level (P) is the condition probability

that a reference is satisfied at a given storage level given

that the reference is not satisfied in all upper storage

levels. Figure 3.2 summarizes all the model parameters.

The degree of multiprogramming is the maximum number of

requests that can be active at a CPU. The block sizes , bus

speeds , bus width and speeds of the devices are pararnetized .

For the P1L3 model , these parameters are chosen to reflect

current (1979) technology.

— 14 —



Section IV

SIMULATION RESULTS OF THE P 1L3 MODEL

Three different locality levels are used for the P1L3

model. The simulated time is one rnilisecond (one million

time units in the model) . Some unusual phenomena are uncov-

ered during the analysis of these preliminary results. This

leads to more extensive simulation studies to obtain more

data points . A plausible theory is then proposed to explain

these phenomena. Detail traces of the model is used to ver-

ify ~he theory. The findings are discussed in the following

subsections.

4.1 PRELIMINARY STUDIES USING THE P1L3 MODEL

A series of three simulation studies are carried out with

three locality levels high (P=.85), medium (P=.5), and low

(P=.2). Throughputs , mean response times and utilizations

of the facilities are summarized in Figure 4.1.

• Throughput in millions transactions per second are plot—

ted against the locality levels in Figure 4.2. From Figure

4.2, it seems that a throughput of .6 million transactions

~er second is the maximum that one could obtain with this

configuration.

— 15 —



Mean - -
Locality Throughput Response Utili zations
Level (P) (per msec) Time (NSec) GBUS LBIJS1 DATA CACHE LBLJS2 D21 LBUS3 D31

.20 285 64032 .41 .07 .10 .63 .11 .52 .52

.50 548 31324 .50 .09 .19 .65 .17 .62 .99

.85 598 6021 .23 .05 .19 .26 .09 .35 1.00

FIGURE 4 , 1
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Mean response time per transaction are plotted against

locality levels in F i g u r e  4.3. This shows that a mean res-

ponse time of 5 micro seconds is obtainable at high locality

levels. Furthermore, as the locality level increases, there

will be even more references being satisfied in the high

pe r fo rmance  stora ge levels, thus the mean response time will

decrease.

• Utilizations of the various facilities are plotted

against locality levels in Figure 4.4. It can be seen from

these plots that at low locality levels , the slowest storage

level becomes a system bottleneck. At higher locality lev-

els , bus utilizations drop because most references are

satisfied by the data cache , DRP11 , making the use of the

buses unnecessary except for store—behind operations.

At high locality levels , one would also expect the utili-

zation of the data cache , DRP11 , to be very high. However ,

this is not supported by the data. In fact , even though the

throughput at the P= .85 locality level is larger than that

at the P=.50 locality level , the DRP11 utilization actually

drops .

Exam in i n g the d a ta more  closel y ,  ano ther puzzle is dis—

covered. If you multiply throughput by the mean response

time divided by the max imum degree of multiprogramming , one

— 20 — 
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.

should obtain a numbe r close to the simulated time

(1,000 ,000). For the P .20 case , this numbe r comes out to

be 915657. For the P .50 case , this number comes out to be

858277. But for the P= .85 case, this number is only 180027.

It is suspected that either the data is wrong or there are

some unusual blocking phenomena in the system in the P=.85

case.

4 . 2  MORE EXTENSIVE STUDIES USING THE P 1L3 MODEL

A second ser ies of simulations was carried out to obtain

• more data points by varying the locality levels . The

results of these simulations are presented in Figure 4.5.

Throughputs are plotted against locality levels in Figure

4.6. In general , as the locality level increases , through-

put also increases. A throughput of close to one million

transactions is obtainable at about P= .80 locality level.

However , after the P .8O point , throughput drops sharply as

the locality level increases. This requires some explaina—

tion.

In Figure 4.7, mean response time is plotted against

locality levels. This shows that as locality level

incr eases,  mean response time decreases. This plot does not

seem to provide insight as to why throughput decrease shar-

ply after the P=.80 locality level .
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Mean Utilizations
Locali ty Throughput Response
Level (F) (per msec) Tia (NSec ) C.BUS LBLJS1 DATA CACHE LBUS2 D21 LSUS3 D31

.20 286 64032 .42 .07 .10 .63 .11 .52 1.00

.30 320 56908 .42 .07 .12 .60 .12 .52 1.00

.40 456 39142 .45 .08 .16 .63 .15 .59 1.00

.50 548 31324 .50 .10 .20 .65 .17 .62 1.00

.60 698 27114 .51 .10 .23 .63 .19 .65 1.00

.65 758 22505 .51 .10 .26 .62 .18 .68 1.00

.70 811 23317 .53 .10 .27 .65 .20 .69 1.00

.80 947 16298 .50 .94 .31 .57 .19 .71 .99

.85 598 6021 .23 .52 .19 .26 .09 .35 .S2

.90 581 3957 .16 .04 . 17 .19 .06 .26 .42

.95 532 3986 .14 .03 .15 .16 .05 .21 .25

FIGURE 4.5
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4. 3 A PLAUSIBLE THEORY OF OPERATION

One theory to explain the sharp drop in throughput at

very high locality levels is that at such high locality lev-

els , the rate of write operations being generated is very

high. Since a write will not proceed until DRPll is free

• (to write the data) , and DRP11’s YQ has a buffer slot (for

holding the store—behind operation) , the write operation may

hold up other transactions in their use of DRP11. Since the

utilization of DRP11 is very low , the fdocking must be due

to the YQ being full often . Many store—behind transactions

closed togther will tend to make the YQ full often. These

blocking transactions will tend to hold up other transac-

tions hence resulting in low system throughput .

If the YQ is full often , it must be because transactions

in it cannot move on to the next facility fast enough. This

will happen if the bus LBUS 1 is busy or the XQ buffer of Kl

is full , or both . From the data , we see that all the bus

utilizations are very low , hence the blocking must be due to

the fact that the XQ buffer of 1(1 is full often . Proceeding

in this manner, one could argue that at high locality lev-

els , the rate of store—behind operations is very high , which

results in store—behind transactions being backed up from a

storage device. This backing up of store—behind operations

causes long queue ing de lays for other transac tions as well,

— 25 —
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resulting in low system throughput. This blocking situation

also slows down the usage of DRP11 as evident from its low

utilization.

We can now explain why the utilization of DRP11 at the

P= .85 locality level is lower than that at the P= .50 local-

ity level . At P=.85, due to the store—behind transactions

being backed up, very few acknowledgements to the store—be-

hind transactions ever return to DRP11. In the P= .50 case ,

iost acknowled gements to store—behind transactions return to

DRP11. Thus , even though the numbe r of reads and writes

handled by DRP11 in the P= .50 case is lower than that han-

dled by the DRPll in the P= .85 case , there are many more

acknowledgements serviced by DRP11 in the P= .50 case , hence

the corresponding utilization is higher.

There is no backing tip of store—behind transactions in

the low locality levels because the rate at which they are

generated is low . Since the store—behind transactions are

separated from one another there is enough time for a device

to service a previous store—behind transaction before

ano ther one comes along .

— 26 —



4 . 4  V E R I F I C A T I O N  OF THEORY WITH DATA

The above theory seems to explain the phenomena well and

agrees well with the observed data. To verify the theory,

detailed model traces were examined to determine the status

of the system at the time of simulation termination.

It is found that for low locality levels , there is indeed

rio backing up of the store—behind transactions. There is

only a backlog of recuests to be processed by the lowest

storage level devices due to their large service times. For

• high locality levels , starting from P= .85 , store—behind

transactions begin to be backed up, from storage level 2.

However , the back up is due to a system deadlock situation

developed at storage level 2, and not due to the slower

speeds of the  devices , a s h y p o t h e s i z e d  above.

The deadlock at storage level 2 is illustrated in Figure

4.8. Assume that all the XQs and YQs are full: (1) A

s t o r e — b e h i n d  t r a n s a c t i o n  in DYQ21 is waiting for LEIJS2 and a

KXQ 2 b u f f e r  s lo t .  LBUS 2 is free but KXQ2 buffer is full.

(2) KXQ 2 w i l l  not  be c lea red  because KYQ 2 is full. (3) KYQ2

cannot be cleared because both buffers of R2 are full. (4

and 5) These buffers cannot be cleared because DXQ21 and

DYQ21 are full. DYQ21 cannot be cleared because it is wait-

ing for KxQ 2 to be cleared . Thus a deadlock is developed .

This deadlock causes the XQs and YQs in the upper storage

— 27 —
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levels to be gradually filled as more store—behind

transactions are generated . When YQ at DRPI1 is full , the

system will be held up when the next write transaction

arrives .

It is interesting to note that this deadlock only occurs

at very high locality levels. This is because at hi gh

locality levels , the rate of store—behind transactions gen-

erated is very high. Comparing the P= .95 case and the P= .50

case , even though the same number of store—behind transac-

tions are generated to lower storage levels in both cases ,

the rate at which they are generated in the P .95 case is 30

times that of the P~ .50 case. Store—behind transactions

• sparsely separated from one another give chance for the dev-

ice to service them , therefore avoiding a deadlock. This

deadlock situation is not too different from a traffic jam

at a Boston rotary during rush hour .

In retrospect, the causes of the deadlock are due to the

rate of store—behind transactions and due to the use of one

single buffer for data coming into a storage level as well

as for data going out of a storage level . The potential for

deadlock of using a common buffer was not discovered during

the desi gn of DSH—ll due to the complex interactions of the

various protocols for store—behind , read—through , and over—

flow handling operations.
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Section V

DEADLOCK—FREE BUFFER MANAGEMENT SCHEMES

In CSH—ll there are five types of transactions supporting

the read—through and store—behind operations. These tran-

sactions are : read—through—request (RR), read—through—re—

sult (RT), overflow (OV), store—behind—request (SB), and

acknowledgment (AK) . Each type of transaction is handled

Jif fer ent l~’. Furthermore , the same type of transaction is

hand~~~ ~ii ffer~~r~tl~ depending on whether the transaction is

going into or out of a storage level . A potential deadlock

exists when diff erent transactions share the same buffer and

their paths forT a closed loop. We have seen an example of

such a deadlock in the P1L3 model where SB transactions com-

ing into a storage level and SB transactions going out of a

storage level form a closed loop. Other such potential

deadlocks have been discovered in the P1L3 model. This sec-

tion is focused on developing deadlock—free buffer manage-

ment algorithms .

Potential deadlocks exist because different transaction

types share the same buff er and that the First Come First

Served strategy is used for allocating buffer slots. A sim—

— 30 —
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pIe strategy to avoid deadlock is not to allow buffer shar-

ing among different transaction types. No path crossing can

occur thus no loop can exist. Although thi .~ strategy is

easy to imp l em en t , i t does not  m a k e  e f f i c i e n t  use of tne

b u f f e r space.  A n o t h e r  s t r a t e g y  to avoid  dead lo ck  is to

allow buffer sharing , but to make use of more sophisticated

buffer allocation algorithms. One such algorithm is dis-

cussed below.

5.1 A DEADLOCK-FREE BUFFER ALLOCATION ALGORITHM

Two types of buff ers are used at each storage level , the

IN buffers and the OUT buffers. Transactions coming into

the storage level use the IN buffer and transactions going

out of the storage level use the OUT buffer . Transaction

coming into a storage level from a higher storage level are

the RR , SB , and OV transactions. Transactions coming into a

storage level from a lowe r storage level are the RT arid AK

stransactions. Similarly, transactions going out of a sto-

rag e level to the next lower storage level are the RR , SB ,

and OV transactions. Transactions going out of a storage

level to a higher storage level are the RT and AK transac-

tions. Each component in a storage level has an IN buffer

and an OUT buffer. This is illustrated in Figure 5.1.
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The general idea of this new buffer allocation scheme is

not to allow the buffers to become completely filled . When

the  b u f f e r s  a r e  f i l l ed  up to a ce r t a i n  level , on ly  those

t r a n s a c t i o n s  t h a t  can be processed to complet ion and r e s u l t —

ing in f r e e i n g  up b u f f e r  slots a r e  accepted . The precise

a l g o r i t h m  is as fo l lows .

1. The s ize  of OUT is always greater than the size of

IN.

2. Always maintain at least one empty slot in an IN

buffer.

3. The buffer—full (BF) condition is raised when th~

number of transactions in IN plus the numbe r of

transactions in OUT is equal to the size of OUT .

4. If the BF condition exists , then do not  accept any

RR or SB i n to  a s t o r age  level . Only  process  OV ,

RT, and AK transactions.

We now p rov ide  an informal argument to show that the

scheme described above is indeed deadlock—fre e. First we

have to show that the RR and SB transactions are not the

only  t r a n s a c t i o n s  in the system when a l l  the b u f f e r  p a i r s

have their BF conditions raised . Then we have to show that :
1

processing each of the OV , AK and RT transactions will free

up some buffer slots thus lowering some BF conditions.
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Suppose that all the BF conditions are raised (i.e., all

buffers in a storage level are full). Examine  the OUT buf-

fers of the lowest storage level. Since the size of OUT is

g r e a t e r  than t h a t  of IN , BF implies that there is at least

one t r a n s a c t i o n  in OUT . Since this is the lowest storage

level , this transaction must be going to a higher storage

level , hence cannot be a RR or a SB transaction.

Consider a RT transaction at level i+l (Figure 5.2).

1. All  upper st or age level s , level i and level i—l

can r ece ive  t h i s  t r a n s a c t i o n  since t h e r e  is a lways

one empty slot in each IN buffer. The departure

of the  RT t r a n s a c t i o n  c rea te s  an empty  s lot  in the

OUT buffer of the sender, level i+l.

2. Level i can now send a transaction to level i+l

which creates a slot in level i. The RT transac-

tion can now be serviced in level i.

3. Handling the RT transaction may create an OV tran-

saction in level i. The buffer slot freed up at

step 2 is available for the OV transaction in

level i.

4. The OV transaction can be sent to level i+l

because there is always a free slot in every IN

buffer.
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5. The OV t r a n s a c t i o n  w i l l  be serviced to com ple tion

in level i+l. Hence , there is a free slot in

level i as result of these operations.

6. Now a t r a n s a c t i o n  f r o m  level i— l can be sent to

level I.

7. The RT transaction can be handled in level i—l

which may create an OV transaction.

8. The OV t r a n s a c t i o n  can be sen t  to level i .

9. Finally, the OV transaction is hand led and termi-

nated in level i.

Thus , there is ~ free buffer slot created in level i—l as

a r e s u l t  of p r o c e s s i n g  the RT transaction.

Handling an AK transaction may generate another AK to be

sent to the immediate upper storage level . The same argu-

ment for the RT transaction can be applied to show that a

buffer slot will be freed up as a result of handling the AK

t r a n s a c t i o n .

I t  is c lea r  f r o m  the above d i scuss ion  t h a t  t h i s  b u f f e r

managemen t sc heme re quires more comp lex pro tocols among sto-

ra ge leve ls an d a complex p r ior ity sc heme for the transac-

tions. A key advantage of this scheme is that it makes
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efficient use of buffer space since different transactions

with varying buffer space requirements can be mad e to share

a common buffer pool.
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Section VI

ANOTHER SIMULATION MODEL OF DSH — l l  THE P5L4 MODEL

A GPSS/360 simulation model of another DSH—ll configura-

tion with five processors and four storage levels has been

developed . This model is referred to as the P5L4 model. In

this model the basic logic used in the P1L3 model was

revised to use a deadlock—fre e buffer management scheme and

to accomodate four a d d i t i o n a l  f u n c t i o n a l  hierarchy proces-

sors and an additional storage level. For simplicity, the

scheme of using separate buf fers for different transactions

is used for the P5L4 model.

The f i r s t  se r ies  of s tud ies  p rov ides  f u r t h e r  i n s igh t s  to

the operation of the store—behind algorithms. It also shows

that level 4 storage and its local bus may be too slow to

support the amount of data transfer activities at that

level.

The second series of studies is aimed at obtaining a bet-

ter balanced sys tem by increas ing the deg ree of paral lelism

in the lower storage levels and by reducing the block sizes

so as to lower the demand on the buses. A well—balanced

system is obtained which is then used as the basic system to
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study the effect of using projected 1985 technologies for

DSH—ll. Results of these studies and their a n a l y s i s  a r e

presented in the following sections , after a brief introduc-

tion to the P5L4 model and its parameters.

6.1 THE P5L4 MODEL A N D  ITS P A R A M E T E R S

The s t r u c t u r e  of the P5L4 model is v e r y  s i m i l a r  to that

of the P 1L3 model .  However , the basic  component  of the

model is quite different. The basic component of the P5L4

model is a facility and a numbe r of data buffers, one for

each type of transaction coming into the storage level and

going out of the storage level. Figure 6.1(a) i l l u s t r a t e s

the  DSH — ll  c o n f i g u r a t io n  t h a t  P5 L4 is m o d e l l i n g , and Figure

6.1(b) illustrates the basic component of the model. A flow

chart of the P5L4 model logic is presented in Appendix B. A

listing of the P5L4 model is presented in Appendix C.

The p a r a m e t e r s  used in th~ 95L4 model are the same as

those used in the P1L3 model with the following exceptions.

(1) There are five processors, each with 10 degrees of mul-

t i p r o g r a m m i n g  (as  opposed to 20 in the P1L3 model). (2)

There is a new storage level with 2 storage devices having

access times 10 times higher than those of the devices in

level 3. The parameters used in the P5L4 model are summar-

ized in Figure 6.2.
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DEGREE OF MULTIPROGRAMMING OF A CPU = 10
SIZES OF DATA BUFFERS = 10
DIRECTORY SEARCH TIME = 200 NANOSECONDS

READ/WRITE TIME OF A L(1) STORAGE DEVICE = 100 NS,
READ/WRITE TIME OF A L(2) STORAGE DEVICE = 1000 NS,
READ/WRITE TIME OF A L(3) STORAGE DEVICE = 10000 NS,
READ/WRITE TIME OF A L(4) STORAGE DEVICE = 100000 NS.
BUS SPEED = 10 MHZ
BUS WIDTH = 8 BYTES

SIZE OF A TRANSACTION WITHOUT DATA = 8 BYTES
BLOCK SIZE AT L(1) = 8 BYTES

BLOCK SIZE AT L(2) = 128 BYTES
BLOCK SIZE AT L(3) = 1024 BYTES
BLOCK SIZE AT L(4) = 2048 BYTES

~ READ REQUESTS = 70~
Z WRITE REQUESTS 30Z
CONDITIONAL PROB . OF FINDING DATA IN A LEVEL
GIVEN THAT THE DATA IS NOT IN ANY UPPER LEVEL = P

F I G U R E  6.2



6 . 2  P R E L I M I N A R Y  STUDIES USING THE P5L4 MODEL

A p r e l i m i n a r y  s t u d y  u s i ng  the P5L4 model is c a r r i e d  ou t

using several different locality levels and using the param-

eters listed in Figure 6.2. The simulated time is one mil-

lisecond (one million model time units) . Results from these

studies are summarized in Figure 6.3. Figure 6.3(a) is a

t a b l e  l i s t i n g  the t h r o u g h p u t ,  mean response time , total

transaction wait time , total transaction execution time , and

‘system utilization ’ . System utilization is defined as the

ratio of the product of the total number of transactions

completed and the mean response time to the product of the

simulated time and the maximum numbe r of active requests

pending at all the processors. It indicates the percentage

time that DSH—ll is busy.

Figure 6.3(b) tabulates the utilizations of the buses and

the utilizations of typical storage device~ at each storage

level. The utilizations of all the memory request proces—

sors and all the the storage level controllers are very low

and are not shown . Figure 6.3(b) shows that the devices and

the local bus at level 4 are saturated for all locality lev-

els. The local bus at level 3 is saturated but the devices

at level 3 are only 50 percent utilized . Saturation of

level 4 at low locality levels is due to the large number of

read—through requests that has to be handled at that level.
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Mean Total Total
Locality Throughput Response Wait Exec System
Level (P) (per insec) Time (Nsec) Time (insec) Time (msec) Utilization

.50 418 45805 17450 1690 .38

.60 600 35442 19910 1360 .43

.70 717 46664 32490 970 .67

.80 782 43570 32230 840 .68

.95 788 40148 31360 270 .63

FIGURE 6.3(a)

Bus Utilization s Storage Device Utili zation
Locality —.— _____

Level (P) GBIJS LBUS1 LBUS2 BLUS3 LBUS4 Li L2 L3 L4

.50 .92 .06 .30 99 .94 .02 .11 .46 .99

.60 .91 .06 .31 .99 .94 .03 .11 .46 .99

.70 .91 .07 .32 .99 .94 .04 .13 .52 .88

.80 .88 .OS .26 .99 .94 .04 .10 .44 .92

.95 .84 .04 .21 .99 .9S .04 .06 .51 .90

FIGURE 6 .3(b )
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P
For example , a t  a lo c a l i t y  level of .5 , 12. 5 pe r cen t  of a l l

read requests will be serviced by level 4. This creates a

heavy burden on the slow level 4 devices and on its bus . At

h i g h  l o c a l i t y  leve l s , however , the  numbe r of r e a d — t h r o u g h

requests directed to level 4 is rather small. For example ,

a t  a l o c a l i t y  level of .8 , o n l y  .8 pe rcen t  of a l l  r ead

reques t s  a r e  se rviced  by level 4 , a 1 5 — f o l d  r e d u c t i o n  f r o m

the .5 l o c a l i t y  case. The s a t u r a t i o n  of level  4 a t  h i g h

l o c a l i t y  l eve l s  is due to the s t o r e — b e h i n d  r e q u e s t s .  At

high locality levels , the rate of write requests (as well as

read  r e q u e s t s )  a r e  much  h i g h e r , t h u s  t h e r e  is a h i g h  demand

on level 4 to service the corresponding store—behind

r e c u e s t s .  It seems t h a t  level  3 s t o r a g e  dev ices  have  the

capacity to handle the read—through and store—behind

requests at all locality levels. However , the local bus at

level 3 is saturated at all locality levels. The bus satu-

ration at level 3 is possibly due to the store—behind

requests. We shall discuss ways to eliminate these pe r for-

mance bottlenecks in a later section.

T h r o u g h p u t  d a t a  p r e s e n t e d  in F i g u r e  6.3(a) is plotted as

a graph in Figure 6.4. Figure 6.4 shows that throughput

rises sharply starting from the .5 locality level, then its

follows a much slower rate of increase after the .7 locality

level . At a low locality level , throughput is low since a
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l a rge  p r o p o r t i o n  of the read r eques ts  has to go to the

slower storage devices. As the locality level increases , a

large proportion of requests can be hand led by the higher

• storage levels. The higher storage levels are not heavily

utilized , thus they can complete the requests quickly. The

faster transactions can be completed , the faster new tran—

sactions can arrive since the model is a closed one. This

ex p l a i n s  the s h a r p  increase  in t h r o u g h p u t  between .5 and .7

locality levels.

When the  lo c a l i t y  level  is h i g h , the  r a t e  of s t o r e — b e h i n d

transactions coming into the model becomes high. Since

there is a fixed proportion of reads and writes in the

request stream , the throughput at high locality levels

becomes limited by how fast the store—behind requests can be

serviced . Thus , at high locality l eve l s , i nc r e a s i n g  the

locality level further will not produce a dramatic increase

in throughput.

The plot of mean response time in Figure 6.5 provides

further insights to the store—behind operations. Figure 6.5

shows that there is a discontinuity in the mean response

time curve between .6 and .7 locality levels. The discon-

tinuity may be explained as follows . As the locality level

i n c r e a s e s , the  r a t e  of store—behind transactions coming into

the model also increases. Read operations become a less
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dominant factor of system performance. There is a pipeline

of buffer slots for store—behind transactions. A write

reques t  is completed as soon as i t  has completed a w r i t e  to

its data cache and has placed a store—behind transaction in

the store—behind pipeline. The store—behind transaction

flows along the pipeline until it is serviced and terminated

by a level 4 storage device. If a write request cannot find

a slot in the store—behind pipeline , it has to wait . At

high locality levels , the store—behind pipelin e becomes

full , hence,  write operations tend to incure a larger wait

time waiting for pipeline slots. It seems that the store—

behind pipeline is full after the .7 locality level , causing

long wait times by transactions , hence larger mean response

times for locality levels higher than .7. The store—behind

pipeline is not full for all locality levels below .7. Thus

transactions have smaller mean response time in these cases.

This expains the difference in behavior of the two mean res-

ponse time curves.

The data seems to support this theory. Outputs from the

simulation runs shows that the pipeline is full for all

locality levels greater than and equal to .7. The total

tr ans action time column -in Figure 6.3(a) shows that there is

a d r a m a t i c  inc rease  in the  t r a n s a c t i o n  wait time for all

cases with locality level above .7. The figure also shows

— 48 —



- • •— - •- • • • - -

~~~~ 

- • - -•—--—-

that the transaction wait time is a dominant portion of the

total transaction time. Since mean response time is the

ratio of total transaction time to total numbe r of completed

tr ansac tions , th’~ more than doubling of the wait time going

from .6 to .7 locality level is the key factor in the sudden

increase in mean response time . The sudden increase in wait

time is due to the fact that the pipeline is just filled up,

new transactions begin to experience prolonged delays .

These preliminary studies have provided valuable insights to

the dynamics of the store—behind operation. We now have

gained enough understanding of the model to tune it for bet-

ter performance.

6.3 TUr’~ING THE P 5L4 MODEL

Our objective in this next series of studies is to try to

obtain a well—balanced system. From the preliminary stu-

dies , we know that to reduce mean response time we have to

increase the efficiency of the store—behind pipeline. One

approach to increase the efficiency of the pipeline is to

increase the parallelism of the lower storage levels , so

that the service times of the stages of the pipeline are

better balanced . The preliminary studies also reveal that

our initial choice of block sizes may not be appropriate for

the system.

____ 
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The approach that is taken to obtain a well—balanced sys-

tem is as follows . The locality level is fixed at .9. Then

the degree of parallelism in level 3 is increased by a fac-

tor of 5 and that of level 4 is increased by a factor of 10.

Althoug h this would actually be done by increasing the num-

ber of devices in these levels , to take advantage of the

existing GPSS model , this is accomplished by decreasing the

effective service times of the existing devices at these

levels appropriately. Finally, the model is run for several

choices of block sizes for the storage levels . The results

obtained are summarized in Figure 6.6.

The first study uses the same block sizes as those used

in the preliminary studies. The results of this stud y are

summarized in column one which clearly shows that level 4 is

still the bottleneck causing the very low throughput and

high mean response time . Note that none of the storage dev-

ices , including level 4, are saturated . This indicates that

the bottleneck is caused by the block sizes being too large

thus tieing up the bus at level 4 during data transfer.

In the next study, the block sizes between level 2 and

level 3 and between level 3 and level 4 are reduced by one

half. The results of this study are summarized in column 2.

There is significant improvement in throughput and the uti-

lizations of level 4 storage devices, but the bus at level 4

is still a bottleneck.
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Mean Bus Utili zation Storage Device U tiliz at i~~B loc k Throughput Response — ______ ______

Sizes (per esec) Time (Nsec) GBUS LBUS 1 LBUS2 LBUS3 LBUS4 Li L2 L3 L4

(8,128 .1024) 176 258580 .62 .02 .10 .67 1.00 .01 .03 128 .17

(8.64,512) 4S8 96260 .67 .04 .15 .71 .99 .04 .07 .27 .40

(8.64 ,256) 721 60940 .77 .07 .26 .84 .99 .06 . 1 1 .28 .83

FIGURE 6.6
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Next , the block size between level 3 and level 4 is

halved again. This produces a fairly well—balanc ed system.

The r e su l t s  a re  summar ized  in co lumn 3. A t h r o u g h p u t  of .7

million operations per second with mean response time of 61

microseconds is obtained . The utilizations across storage

levels are fairly well—balan ced .

6.4 COMPARING THE PERFORMANCE OF DSH—ll USING 1979 AND
1985 TECHNOLOGIES

The well—balanced system obtained from the previous stu-

dies will be used as a basis for comparing the performance

of DSH—ll under 1979 and 1985 technology assumptions. The

parameters used in the 1979 case are exactly those used in

the well—balanced system of the previous studies . For the

1985 case , we will assume a bus that is 5 times faster than

that used in the 1979 case. In general , the speeds of the

storage devices in the 1985 case will be faster. We esti-

mate that the level 1 storage devices will be twice as fast

in 1985 as in 1979. All other devices are estimated to be

10 times faster in 1985 than in 1979. Lastly, we expect

1985 to produce better associative processors for directory

searching thus the directory search time will be reduced by

one half in 1985. These estimates will be incorproated in

the parameters for the 1985 case .
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The model using 1979 technology assumptions is run for 4

different request streams with different proportions of

reads and writes. The model using 1985 technology assump-

tions is then run with the same 4 different request streams .

A locality level of .9 was used in all these cases. The

results are summarized in Figure 6.7.

The throughputs for the two cases are plotted on the same

graph in Figure 6.8. In general , for both cases, throughput

increases as the proportion of read requests increases. It

can be inferred from the results that the throughput of

DSH—ll using 1985 technology is between 5 to 10 times better

than using 1979 technology. For a request stream with 70

percent read requests and 30 percent write requests , DSH—ll

using 1979 technology can support a throughput of .7 million

requests per second with a mean response time of 61 microse-

conds. For the same mix of requests , DSH—ll using 1985

technology can support a throughput of 4 million requests

per second with a mean response time of 10 microseconds.
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Mean Storage
% Read Throughput Respo nse Bus Util izations Utilizations

(per macc) Time (Nsec ) GBUS .BUS1 •t
~U~ LBUS3 LBUS4 ti~ tr L3 L4

.50 450 97580 .76 .06 .2S .84 .99 .04 .10 .25 .67

.70 721 60940 .77 .07 .26 .84 .99 .06 .11 .28 .65

.80 1559 26790 .85 .10 .34 .91 .97 .11 .18 .34 .71

.90 3239 13440 .90 .14 .42 .9 3  .97 .23 .28 .35 .83

(1979 Technology)

Storage
% Read Throughput Response _L— ~~~~~~~ 

Utiii :at.~2~L. . Y t!!!za~~~n5_

(per msec) Time (Nsec) GBUS LBUS1 LBUS2 LBUS3 LBUS4 Li L2 L3 L4

.50 2298 19780 .76 .06 .24 .82 .99 .13 .05 .27 .33

.70 4320 9940 .79 .07 .28 .86 .98 .20 .06 .28 .34

.80 15040 640 .96 .15 .47 .97 .92 .64 .14 .38 .28

.90 22760 1760 .95 .16 47 .96 .91 .99 .17 .27 .34

(198$ Technology)

FIGURE 6.7
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Section VII

SUMMARY

Two simulation models of the DSH—ll storage hierarchy

system have been developed and used to understand the per-

formance characteristics of DSH— 1l and its algorithms. The

first model is developed for a DSH—l l configuration with one

processor and three storage levels. Results from this model

uncovers an unsuspected deadlock potential in the DSH—ll

buffer management scheme. This leads to the development of

new buffer management schemes for •)SH—ll. A second model is

developed for a DS [-i—ll configuration with five processors

and four storage levels. This model makes use of a dead-

lock—free buffer management scheme. Results from this model

provides insights to the performance implications of the

read—tnrough and store—behind algorithms. After sufficient

understanding of the model is obtained , the model is tuned

for better performance. The resulting system is then used

as a basis for comparing the performance implication of

using different technology for DSH—ll .

Results from these simulation studies not only provide

valuable insights to the important dynamic behavior of
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store—behind and read—through algorithms , they also provide

indications that the DSH—11 is capable of supporting the

menory requirements of the IMS functional hierarchy.
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Appendix A

LISTING OF THE P 1L3 MODEL
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FILE: G?SS1 V S 1JOB DI CONVE R SA T IONAL NONIT OR 5TSTE~1

//LAB 1 JC~ L *N ,J~Pfl0FIL!z’8ETUF li’ ,
// PRCFIL E ’ UIG H ’
// TI~I E 2
//S PA SS WC ~~
//t PSS P RCC
//C E X E C  P G D A C 0 1 ,TI’ ~E 2
/ /S T EPLI& 00 DS~~~ C~ LUC I.L IOl~~RY .GPSS .L 0AD .DI5P SHR
/,‘DOUTPUT DO STSCJT~ P1~LrI LE ETUIfl ,DC 3LKZ I7.E~ 93 I//DINTEr-o DO ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
//DSY r . T A B  00 UNIT ~ SCE Cn ,Z?ACE~~(CYL ,(1 ,1)) ,OC 3= 0LXSIZE =7 112
/ /DB E P T G E N  DO u N : T~sc~A TcH ,s~Ac E = (cy L,(1 ,1 ) ) , Dc3=3LK s Izz= 8CO
//DINTWCRK 3D UNI T=SCEA~ C:I.SPACZ= (CYL , (1.I)),DC3ZBLKSIZE=2683
// P E N D
//STEPI EXEC GPSS,?AB’~~C
//DINP(JT1 00
S S* S S S S I C* * S * * S S S * S $ * * e * * * S  .Sq * S*** ** •* S** * * ** * * * ** ** S* $* S** * * ** S
* S

• T RA NSACTION P&RA ~.ETEE USAGE
* S
• 9 1  CP U IDEN TIF IER • 

5
• P2 A R R I V A L  TI~~
• P 3  C O I i P L E T I C N  I~1E *

• 914 T O T A L  EXEcUT:c:; TIRE *
S PS TOTA L E L ; ? S E D  T I N E  *

• P6 TOTA L ~A 1T TINE *
• 97 S E R V I C E  TINE •
• 91 1 DU~ 1T S
• S

S*SS* * S * S * 5 S* S * * *S * . S* S * * * *S * S * *S* * * * * *S * * C* * *S*  ***SsSSe********S
S

NTZN EQU 01 ,1 N U ~.DER OF TINS ?ROCE SSED
SO N X E OU 02 ,1 EXECU TI CN T~~~E OF ‘.LL TX NS
S0P~Q ZQU 03 ,x QUEUE TI~ E OF ALL T X N S
$0814 E~1U 04,1 E LAPSED TI N E 0? A LL TX !S

•
~A I?~P 100 05 ,1 DEGREE C ? CPU ~UtTI?LR0GRA NG
N U !AD E QU 06 , 1 P A R T S  I N  T !~G U 3 : . N D  OF R E A D  ~X N S
NV PIT EQU 07 ,1 PAR TS IN THO U SA:~D OF Wa ITE TINS

S
P1*1 EQU 08 ,1 PBCU 0? FINDE ~:C READ DAT A IN L( l )
91*2 EQU 09 ,1 ~~OB 0? ?I~ D N L ~ PE?.D DAT A IN L(2)
PIN) 800 10 ,1 PROD 0? FINDING RE. \0 DATA IN L (3)

S
P0t1 IOU 1I , X P2 03 0? OVERFLOW FRCI L(1)
90T2 IOU 12,1 P R O D  OF O V E R F L O W F R C ~ !.( 2)

• 90V 3 EQU 13 .1 9R08 0? O V E R F L O W FR O~ L (3)
S
5 5 5 5 5S 5* * S* S* s S S t s .s * .* S* S CS . I .* S * S S S S SS SS* S* S S* * *S I S* * * * * * *S S* *

• ~‘.A X I~~UN DAT A QJ U! L E N G T M S
S* S SSSS•SS SI** IS SS . 5 S S* S .S* * . S* I .S S S S S* *S* *S • S* S  * S .* 5 S 5• S*S . S .S S
S

018 11 I QU 144 ,1
01811 E DO 15 ,1
Dm 12 EQU 16 , 1
01812 LOU 17,1
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F ILE: GP SS I VS I JO B 02. CONVERSATIONAL N O i L T O R  STST !$

01813 E QU 18 ,1
D T f l h J  EQU 19 ,1

*
DX 82 1 EQU 2 0 , 1
0182 1 EQU 2 1 ,1
01822 100 22 ,1
01822 EQU 23 .1

S -

Dm 31 EQU 24 , 1
D T 8 3 1  EQ U 25,1
01832 ZO O 26 .1

- DYLJ 2 EQ U 27 , 1
S

*X51 EQ O 28 ,1
1181 lOU 29 ,1

6
1182 EQU 30,1
1782 EQO 31 ,1

*
1183 EQU 32 ,1
1183 EQU 33 ,1

*
8182 800 34 ,1
87 82 EQU 35.1

*
RX ~~3 EQ U 36 ,1
8783 EQ O 37 ,1

S
5 5 5 5 C 5* S S S* * 6 S* * * ** C* *  6** * * * *$* . I .*SS** *** . a* S* S* S* 5 $* S 5* S S S $** S*
S CUP.?E:~T LENGTHS 0? DATA QUEUES
S* S S S S* 6 6 6 S* S S S S~~.6 .*I.~~ø .* S* s , s . a . .s S • S S S S* s e * *S  • S S S S S• S* S * • S S S S
S

D I L 1 I  EQ U 38 ,X
D I L 1 I  E Q U 39 ,1
DXL 12 100 40 ,1
D TL I2 EDO 41 ,1
DX L I 3 EQO 142 ,1
D ILl) 100 443,1

S
0 XL 21  800 1414 .1
DT L2 1 EDO ‘45 , 1
D 1L22 E Q U ‘$6 .1
D TL22 EQO 14 7 ,1

S
011.31 LOU 48 .1
DTL3 I E DO 149 ,1
Dm 1.32 EQO 50 ,1
DTL 3 2 100 5 1 ,%

S
KI L l  800 52,8
*12.1 2Q0 53 ,1

S
111.2 EQU 514,1
*12.2 800 55. X

S
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FILE: G P SS I  Y S 1JO B 03 CO I V ER S ATI O WAL SO N I T O R SY ST ES

*11.3 EQ U 56,1
*11.3 EQU 57 ,1

811.2 800 58.1
87 1.2 lOt ) 59 .1

S
#11.3 EQU 60 ,1
811.3 EQU 61 ,1

S
•SS* S SSS* S S C S* 5 6 6* * S S* *S 6 5 6 1* * 6* S* * S .* $ S* S* S SS* S* S SS* $ S SS* * *S S SS S
S SERVIC E TI8ES OF D!VICZS . ROSES , P R O CESSOR S
S* * *S S* * * *S S W S* *6 S 6 S S*s * 6 I* * * *6S6* *S* 6* *~~~.S* * * *S S* S* S S S* *S S S S S S S S

D L X I I  100 62,1 L ( 1 )  STORAGE SERVICE TI N E
D E X 1 2  EQO 6 3 . 1 •

01113 EQ U 644 .1 -

• 01121 E QU 65.1 1( 2 )  STO R AGE S E R V I C E  TI N E S
D E7 22 EQO 66.1
DLX 31 EQU 67 ,1 1 (3 )  STORAGE STR Y I C E TI SES
DEX32  EQU 68.~
BEX D 1 IOU 6 9 . 1  SO S S !RV TI~ E L (1)81102 zc~u 7C , X BU S SERV . TI:~! 1(2)
BX D3 E QU 7 1 . 1 BUS 51E V . T~~~E 1(3)
BEX~ E CU 7 2 ,1 BUS S E R V .  TI ~. E  FO~ ~ SG
XIX EQU 7 3 , 1  L E V E L  C O N T P O L L ~ R C X )  S P V I C I  T1 t !
981 EQU 714 .1 8E808! REQUEST PROCESSO R ( R )  S E R V I C E  T IE E
TI8EB EQU 75,1

,* * SS S* S* * * *S .S SS .e . S* SS SS* S* S S* S* .* I* $ . .* *S S S S* S* C* S SSS* *S* SS SS S

* S

* V A R A I B L E  D E F I N I T I O N S  *
S S
SS S SS SS S S S* * S S* S S S* S* S* S SS * I* S 1* S S* ,S* *S S 6* S S S S S. S* S 6* , IS S S S* 6 S S S

8815? F V A R : A S L E  ( X 3 S U ~~W / I S N T X N )  SEA N R!S2 C~.SE TIS!
~~~N V V A R I A B L E  P 3 — ? 2  TXN ELA ? SE D TIS E
T INO V A R I A B L E  P3—22— ?’4 TIN WAIT TIRE
TIO X V A R I A D 1 ~ P ’~
RTOK B V A R I A O L E
BY A1 D Y A R I A B L E  ( X ~~DT L 1 1 ’ L ’ X Y~~1 1 ) 8 F J~~~~? 1 1
BVA 2 BY A R I A D L O  ( X ~~~~ L 1 ’ L ~~X S X X ~~1 ) * ? N U ~~~: J S 1
BI A3 B V * R I A S L E  ( X ~~Di L 2 1 ’ L ’ X R D Y ~~2 ’ ) . : ; ~~r R P 2 1
DV A21 BY A R I A ~~L C ( X 3 7 L 2 2 ’  1’ X~~D Y 1 2 2 )  • ? N ! ~~3~~’22
BVA4 EV AR Z A S L E  (X ~~XX L2 ’ L ’ X ~~K X - ~~ ‘? N U 3 L ~~u 32
17*5 B Y A R I A B L E  (X ac Y L.2’ .’ XS< .’~ ..) ~~~U 3 :R’ 2
8VA 6 !V~~~IABL1 ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
37 *7 B Y A F I A B L E  ( X R D X L I 1 ’  1’ X~~~~~~1 1) •r ~U S t 3 0 S 1
#7*8 OV ARI A D L E  (X ~ D 1 L 3 1 I L I h 3 D T .3 1 )U ? N J S D P P 3 1
87*22 BV A P IA D L .E (1J0Y132’ 1.’ x.coy ~ 32 ) •FNUSD P32
BVA9 O V A P 1A31~87*10 LJ Y A R I A B LE ~~~~~~~~~~~~~~~~~~~~~~~~~~~
#7*11 SVAE A R L E  ( X 3 ~~X L 2 ’ L ’ X X~~2)~~? ’ . L 3 .3rJ 32
81A12 D VA R ADLZ (X3 ~~!L2’L’ X $Ry ~ 2)•?~~~3 P P P 2
BV A1 3 DV&RI.~D LZ (X~ 0XL21 ’T.’X X ”21)~~?~ J313US2
.VA 23 RYAE4IA8LE (X10X122’L’ X501 122) •F~;U$L5US2

~~ IS FA . - j - • -

IROI ~~
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VILE: G?S SI 751.103 D’t CO NTER S ATI C N *L SO NI T O R ST STES

BV A1 ’ e DY A D I A N L E  ( X A ’ ( Y L 1 ’ L ’ 1 S K 1 8 1 )  ‘ ? N U S K R P l
87*15 B V A R I A B L E  ( U K X L 2 ’  L ’ 1 3 ( 1 8 2 )  ‘~ ;u$ oaus
87*16 D Y A R I A D L E  ( X 3 K X L 3 S L ~~X $ ? X 8 3 ) * F N U 3 ~~U U S
17*17 B V A R I A U L E  ( X 5 P X t J ’ L ’ X 3 ~~~8 3 ) ~~F N U S L 8 U S 3
87*19 B V A R I ~~U L E  ( X 3 F 1 L 3 ’  L ’ X . ~Z~I 8 3 )  ‘ ? N U i R 2 ? 3
37*19 D V A R I A B L E  (1$ 0 1131  • 1’ 13DX 13 1) • F N U 3 L B U S 3
37*2 4 8 V A F . I A B L E  ( X S D X L 3 2 ’ 1 ’ X $ D X ~~3 2 ) ’ ? S J S L B U S 3  -

5T&20 37*81*311 ( K!L1’L’XS K C81) SFNU$KR?1

S S S 5 S S * S S S I S SS S S . S S S S S S S S .* S S * * S* S * * S * S S S SS . S *  *S SS*S*S S SS** * . .S*S
S *
S QT *BLE 0 E ? I N I T I O H S  - DIST~ I B U T I CN S OF QUEUE LE NGTH S
S *

S***SS.* *S*SS•*••• .• •S  S SS S .* S S S* S S S S S S* * S * S S S S* S* * S S S SSS S S* S S* S  0*

5**SSSS~~S5 I S SSS S* S* S S* * S S S S 6* S S S S S S* * I SS S S* S S S* S S* S* S S S* * S* *S S S S6
S S

S FUNC T ION D E F I N I T I O N S  S
S S
5 S 5 5 S S SS S S~~6 . S e s S~~SS S S S S SSS* S* S 6 * S* SS S* S S* S S S S 6* S SS S S S S S* S S* SS S S S

WICUW FU NCTION P1 .33
2. V V W 11/3 , W W W  12/44 , W W W  13

WI C RA FU NC T ION P1 .03  
-

2 0 A A A 1 1 / 3 , A A A 1 2 / 4 . A A A I 3

S* S S S SS S S S SS SS S* S S S S* S * S . S S SS* S S S* S * *S S S S S* S* S S * S 6 5* S SS * S S* S * *S * S

* a
S TAB L# DEFINITIONS - D ISTRIBUTIONS OP T I N ELAPSED T I R E , S

* WAIT T I R E  S
S S

S S* S SS SS i * *S S* * *S* * ** *S* * .* S*S S*$*S S S* * *S SSS* * * * * * * *S SS* S S* *SS S*S

T X N V  T A B L E  V $ T X N W , 1 0 0, 100 , 1CO
T I NO TABLE V S T I N Q .  1 0 0 ,  100, 100
TINI TAB LE V$ TXN X ,100, 100 ,100

5S SS S 5 S S* $ S S S a SS* S S* * S ~~* * S S * S S S* S S S S S S S Sa * S S S  S SS S * S S S S SS* S* SS * S S S
S *
~ IN I TIALI Z E C O N S T A N T S  S
S S
55$SSSSS*SS*  *SS*S *60 5*5 5 6*  55*  5* *5 SS 5 5* 5 5  0*5  *5 5*5*5  *5*5  *S S* * *S  5*5*

INITIAL XS R A X MP ,20 DEGREE CF RULTIPEOGRARRING 0? 1 CPU
INITIAL X S NP E .%D,700 S R E A D  TX N
IN ITIAL X3N~RIT , 33O S W RITE TX N
I N I T I A L  X S P I N 1 ,~~G O ??. CB 0? F I N D I N G  R E A D  D A TA IN L ( 1 )
I N I T I A L  X 3 P I N 2 , 4 0 0  P 308 0? :4CT I~ 1 ( 1 )  A N D  IN 1(2 )
INITIAL X SPIN3 ,1 000 PRC B 0? FINDING DA TA IN 1(3)
INITIAL X SP CV 1 ,5 03 PRO D 0? OV ERFLO W ?EC~ 1(1)
I N IT I AL X S P C V 2 . 5 0 0  PR C B C? 07ERFLO ~ ?R C R 1 (2 )
IN I TIAL 1301811 , 10 RAI Z E U R DA TA Q U E U E  LENGTH

~~I5 FAQ! IS SISI ~~UA1.ITY 
PRLCt1CABI~

)

IR ON ~~~: I pJ~~$ j H ~~~ Tt~ iJOC
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FIL L : G P S SI  V S I J O B  05 C ONVERSATIONAL tI O N I TOR SI STE R

I11ITIAL X f l y~~1I , iO
INITIAL 13 01812 , 10
INITIAL X 1DY 8 12 ,10
INIT IAL X 3 D X M 1 3 ,1O
INITIA L 15 31113 ,10
INITIAL 1331821 ,10
INI TIAL 1501821 .10
INITIAL X5 0X822 , 1O
INITIAL X$ 01s22, 13
INIT IAL 13 01831 ,10
IN1TI~ L X $0y~ 31 ,1O
I N I T I A L  1301132 , 10
I N I T I A L  IS UY~.32. 10
INITIA L 13 X X 3 1 ,10
INITI AL. X EKTS1 ,1O
I N I T I A L  IRKXr . ,l f l
I N I T I A L .  X 3 1 T ~.2. 10
I N I T I A L  U K X R 3 , 1O
INITI AL. XSKTI ),10
INIT IAL X 2X82 . 10
INITIAL 133782 ,10
INITIAL 133 183, 10
IN ITIAL X$~’783, 1O
IN ITIA L X3~~EX 11 ,100 ACCE SS TIR E OF Dli IN NANOSEC
IN ITIAL X5 0EX12 ,103
INITIAL X S D r X l 3 ,130
IN ITIA L X 1 0L121 ,1)O0 ACCESS TIRE 0? 021 IN NANOS IC
INITIAL X 3LX2 2 , 1~~~3INITIAL X S : E x 3 1 , 1 0 3 3 3  AC CE S~3 TIRE 0? 031 IN NAN OS EC
INITIAL X 33T X32 . iGlO O
I N I T I A L  X 3 3 ~~x D 1 , 1’) O BUS SE R V .  TI R E IN W A N OSEC
I N I T I A L  1131102. 1600
I N I T I A L  133 :18 . I C O
I N I T I A L  X S K Z X . 1 O D  1(I)  CONTR .  P .  S E S V .  TI lE  IN NANO S
I N I T I A L  X R E X , 200 R E Q .  P.  SE R Y I C E  2181 I I  NA NOS
I N I T I A L  X S T I R E R , I 3 0 0 C O O  SI8 UL ATI ON TI~~E

5 SS*S*SSS *55 *5 5*5 *55 *5 *5 5*5 5* 5* 5 5  *5
S S

S M ACRO —UT X
S *
5*5* S S**  5*5*  5*5  *5 0SS 5* 5 *5 *56 55 5* S *5

DVI S T A R T # A C R O
S E I Z E  I A
DEPART 88
ASSIG N
ASSIG N 7 . iC
A D V A N C E  P7
#EL V. SE N A
8 N DR 8CR 0

S55 55 5*5* S5 * 55 *50*  0* *55 *5* *55 555 *5*

THIS F A ; i  I~ • . .~ .~J A L I I Y  FE.ACILC4BI4

1~~* L~Uf I P41~1LHIL I&i L.4~Q

-

~ 

~~ -~~~~~~ --•---~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~ •~~~~ - • •



T~
FILE: G PSS 1 YS 1J O B D~ C O N V E R S A T I O N A L  N O N I T O R SI STER

S • S
S R AC R O — IJQT Q
S S

5 5 5 5 5 5 0* *S5 5 $ $ 5*S  0 0 5 S* * *S 4 S* ** S* S5S

UQ T Q START8~1CRO
QUEUE IA
SEIZ E $8
D E P A R T  Nit
ASSIG N 40 .10

A SSIG N -
- A D V A N C E  P7

R E L E A S E  ta
QUEU E N C
1 N DR A CR 0

55**SSsSSSSI*S**SSSSS*S**

* *
S M ACRO - UQT *

* *
DOT

QUEUE I A
SEIZE NB
D E P A R T  IA
ASSIG N I4+ , IC
A SSIGN 7 , IC
A D V A N C E  P7
R E LEASE NB
EN D 8 A C K O

5*5 *5 *5* 5* 5 5* 56 5* ** *5 * 5*55*  * * 5*5*5  S
S S

* MACRO - UQDQ *

• S

5*5*5 55* ** * 5* *5 *5 5* *5 5* 5* 5*5  *555 a ss

OQD O ST AZTRA C P.0
QU E U E IA
TEST 1 16 , 1
S A V E V & L U E  10, 1
S.IZE *1
DEPART IA
SA YE V A LU E 48,1
A S SI O N 44 5 , 1?
ASSIGN 7 , 4?
A D V A N C E  87
R E L V . S E  SE
QUEUE IC
8*08 AC RO

5*55*SS55SS*S5 sSS*~~*SSS**
S S

— 65 —
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FIL E : GP SS 1 VS 1J OB 07 CONVERSATIONAL R OXITO R SI STER

M ACRO - U Q D 
:

S* S SS* S* S . SSSS**s * S* S*s *s

UQO STARTR AC R O
QUEU E IA
TEST E I G , 1 •

S A V E V A L U E  50 , 1
SEIZE 11
D E P A R T  IA

- S A V E V A L U E  48 , 1
ASSI G N 44. , 7
155161 7 , 1?
A D V A N C E  P7
R E L E A S E  $1
EN O PS ACRO

*5*5* S5S * *5 *55 *55 *55 *5 *5* *5 SS 5*5*55
S *
S M AC SO - F INI  *

5 S
*5*5* *55 *55*  5* *8* 5*5 5*  *5*5*  *5 5*55  5*

P1*1 STARVI ACEO
M A R K  3
SAVEVA LU E NTXN + ,1
SA V E V A L D E  SUR X .,V 3T XN X
S A V E V A L U E  S U R Q S . ’I 3 T X N Q
S A V E Y A L U ~I S U I W + , V $ T X N W
SAV E V A L U E  M E E S P . V 5 R 3 Z S P
T A B U L A T E  T X N W
T A B U L A T E  T X N Q
TABU L A TE T X NX
ASSIGN 1 .0
ASSIGN 2 .0  
ASSIGN 3 , 0
ASSIGN 14 ,Q
ASSIGN 5. 0
ASSIGN 6 ,0
E N D M A C R O

SIRULATE
**S**SSSSS*SS*SS*SSS***5**Ss*s*5**~

* *
S C?U I1 S

* *555 *5 *8 5 5 S S * 5* 55*5  5* *5 5* 5*5 *5*55  5*5

CPU 1 G E N E R A T E  ,. . X S R A X R P ,,,?
,SS S* SS s•*5 .SS e.S  5 5* 5 5 S 5 5
S START FOR CP U 1 T I N S  *
SSSS$~~~5aS* SSss5**SS*S5*s

STA Sh  P I Z O R I T !  9 SET N I G H  P R I O R I T Y
B AR K 2 A R R I V A L  T I R E  O F TIN
ASSIGN 1, 1 SIT CPU ID • 1

~~~ ~- .~ ~~~~i• ~~~~~~~
7~ )I 9t~”I PaI&L~kt~~ ~ ilX3 ~~~~~—



TILE: G P SSI Y S 1JOB DI CONVER SA TIONAL RO N ITOR SY STEM

T R A N S F E R  . X $ N R E A D , WWN 1 , R t . R 1  READ OR WRITE T X N?
55* 5* 55* 5 5* 5 55* *5*0 S * *  5*
S REA D T I N PP.08 C P U 1  $

•555*5555~~*5 $ S s*5 s 5 * *s * S 8
RERI QUEUE DI Q il READ TIN

SEIZE DR P 11
DEPART DI Q hl
P R I O R I T Y  0 RESE T PRIORITY
ASSIG N 44.,ISREX TIRE FOR DIRECTO R Y SEA RC H
ASSIGN 7,15811

- ADVA N CE P7
RELE AS E DRP11
T R A N S F E R  . X S P I N 1 , N I N 1 1 ,I N D 1 1  IS DATA IN 1(1) ?

S5*S5SSS**S*6%S * * *S 5 0 5*S*
S READ TIN FRO M CPUI *
S IS SATISFIED IN L (1) S

555*5 5* *55* ,  5 *5 50 5* 5* sa 5*

I N D 1 1  A S S I G N  11 , 0

*5 55* *5* SaSS *5* *5 *5*  *5 55*

~ R E A D  D A T A  F 9C1 D l i  S
SSSS*S*5*5*s65*S55s*****6

DOT M ACRO DIQII .DR P 1I .X SDE X h1

*SS S*5*S S 8* 5*5* *5 *5* *5 * 55

S USE ?INI M A C P - I  5

* THE T I N  IS C O R P L E T E D  ~
5*5*5 5* 5* *5*  5* 5* 5*5*  *5 * 5*

FIN ! M AC R O
TR A N SF E R  , STAR 1 THE TIN BECOMES A NEW TIN

5 $ 5 5 5* S S* * S 5* . S* * S S S  5*5*5

* P. 1*0 TX’I F R O M C?U1 IS *

* NOT SAT ISFI D IN L(i)  *
SSSS* *5 *5 *5*  50*  55 5* 5 *5 * SI

*1*11 QUEU E DO Q1 1

55*555* s * S 5* * * * * *5* ** *S* *
S US E U T X  TC U S E  *
S T H E  L CC *L BUS L B U S 1  S
55* *5* S5 *5 5 *S ,*55 55*55 5*5
DVI M A CRO LBO S1 ,00QII ,X $BEX R

TRANSFER ,C O8 R GO TO COMMON CODE FOR READ
5*5*5 5* S * S * * a 5* 5* *5* 0* * 5*
S WRITE TIN PROM CPU I 6

*S••* .S. .•**555* * *.  *5*5*5
UW1 QUEUE DIQ 11

TES T I BV S BVA1 ,1 011 00? QUEUE AND OR? FREE?
S A V E V A L U E  D Y L 1 1 . , 1  SAVE SPACE IN OUT Q
S E I Z E  DR P I I
PRIORITY 0 RESET PRIORIT Y
DEPART D I Q I 1



~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

?ILE I G PS S1 V S100S 0q CONVERSATIONAL MONITOR SY STE M

ASSIGN II + , X S D E X h 1  TI L E FOR W R I T I N G  DATA
ASSIGN 7,X $DEX 1I
A D V A N C E  P7
RELEASE D RP11
SPLIT 1 ,STB1 CREATE A STORE—R EB IND TIN

S WRIT! TIN IS C PLIT~ D’$5 *5*5*  * *8 *5 8* 5*5  *5 5

PINt MAC R O
T R A N S F E D  , ST A R I BECO M ES A NE W TI N PROM C ? U 1

*555* *5 555* *5 ~~S 5* 5* 5 S. S $5
S STORE—BEHIND TIN *
5*5*5 ***$****S**S*8***~~*8

STB1 QUEUE DY Q il PUT TIN IN DATA QUEUE

TEST E 3V58V A 2 ,1 11 IN— Q AND LBUS1 FREE ?
S A V E V A L U E  K X L 1 . , 1 RESERVE SPACE IN I N — Q

5*5 *5 5*55 55 *5 5* 5* 55* 55 *5*
S USE LDU S 1 TO S E N D  TX N *

* F F 0 8 D l i  TO Ki S

5*55* * 5$ *5* 5* 8 5 5*  *5*  5* S **

DPI MAC R O t3~ Sl ,DY Q 11,X$ 8EXD1
SA VEVALUE DYL I1— ,1 RELEASS SPACE IN 311
T R A N S F E R  ,C OR W TO COMM ON CODE FOR WRIT!

555 5* S** 5* 5* 5*5 *5 *5 5*555*
S COM ~CN COLE FOP.
* R E A D  TO LC 4~~R L E V E L S  *
S JOINED BY ALL C PU S *
S 555 5 55 * 5*5 * *5 * *5 *5 $ 5* *5*

COMP. ASS iGN 11 , 0 DUMMY STATEMENT
SS*S* ******S*Ss**$*SS****

* 051 11 5
SS S S S  *5* * 5* * 5* * I*s * *  *5

UQ TQ 8A C PO N Q 1 , K~~P 1 , JLOQ l, X $ K E X
555 5* 5* 5 0*5 5* 5* 5* 5*4  * 5*
S USE G L O O A L  BUS G B U S  5

5*5 55 5*5*  55 55 *5 5* 5*5 5* 5*5
DVI  M A C R O  G a U s , X O Q 1 , X S B E X R

SS*S*S***S**SS***S$* 5055*

S USE 12 *

SSS *5 5*5 * 5* 5* *5 * * *5* *5*5*
UQTO MACRO 11Q2 ,Ka?2 ,10Q2 ,XS KI X

5**S*S***05*SS***S*SS* *5*

* USE L O C A L  BUS 101152 $

S* 5 5* *5 S 55 * 5 55* 5* *5 * 5* * *5
DVI MACRO L3US2 ,KOQ2 , 158118

S**SS *5 *5*5 *5 S * *5 * *5 ** *8 0

* U SE U TO SEE IF DATA *
S IS IN L ( 2 )  S

*5*55555555*55 *5 *  •*5*5*5*

UQT M ACRO 31Q2 , 82P 2 , ISRE X



FILE: GP SS 1 V S I J O B  D~o CONVERSATIONAL MONITOR SYSTEM

T R & N S F F . R  • X Z ( ~I N 2 , NIN2, I NL2 IS DATA I N  L ( 2 ) 7
$ 55 *5 8* 5 *5* 5 5* 5*5 5S5 *5 *5*
S DATA IS NOT FOUND IN 5

• L ( 2 )  *

* ** S S SS* S** S* S S .S* * * *S5**  
-

)11N2 Q U E U E  ROQ 2

5*5 5* 55* *5*5  5*5 5*5*5  S* *5*
S USE LDUS2 SEND TIN TO $

* 1 2  S
5*55$SS***$SS****5*S5*S**

071 MA C P. O L DU S2, 80Q2 ,XSBE X R
*5* *5 5*5 0* 5* 5  5* 5*5  55 $* *  55
S SER V IC E D B Y K2

uQTQ R\CPO 51Q2 .KPP2,jCOQ2,I$KEX
5555$ 5SS***SsS5*S$s5***$*
S USE GUUS SEN D TIN TO *

5 x3 S

5* 5* S 5*5*5  5* *5 *8* 5* 0 *55 5*

OTI M ;~CPO GI3US .i~OQ 2 , X S D E X R
SSSS*SS*5*$S******s* *5*5S
S SERVICE !) 3! N 3 *

5*5* SS 5* * *5*  *5*  5* * 5* 5*5  *5
0070 MAC PC N!Q),KRP3 .10Q3 ,XS KE X

555 55 5*5 S * 5 * 5 S S 5 5  * so ss* *5
S USE LBU S3 SEN T) TIN TO S
S P. ) *
55*5*  5*5*5* * *5*  *5 *5 6 *5  55 5

U TX M A C R O  L11U53,KOQ3 ,X S D E X R
5*5 5 5  *5 5*5*  *5 5*  5* 55 S*~~ 5 *5

* S E A R C H  D I R E C T C R Y  I N  $

S N) POP. DAT. \ *
5 55* eSS 55* 5* 5  5* * *s  5* 5* S 5*

UQT M ACRO RI Q3 .R R PB ,X S R E X
TPANSFE R , :N: 3 DA T A IS IN L (3)

555555555*5 55 S 5 *5 5  5 *5*  5 5 5  *5*  0 *5*5*5

~ DAT A IS FOU: ~ ) I N  1 (2 )  • R EA D  T H E  S

* DA T A A N D  S E N D  T 11? CO 1 (1)  5

S* *S S S* * * *S* 6 $*4 S* *$* S* * *S* 5* * * *S S 5

INL2 QUEUE R0Q2

5 5* **SS* S* *  5* * * * *5 s* 5* 5 5*

* S E N D  T IN  TO DEVICE *
S V I A  LDt JS2 *
S**S****S*SS**5SSSS**5*S5

071 MA CP .O LBU S2 .R OQ 2 ,X $ 3 E X R

•SSSS***SS5S***5SS5*5***5*S.5****5

* IS D A T A  IN D i i  CR 012? 5

555 5* 555 *5* * 5* * 55 *5 8  ** 5* ** *  **  * 55*8
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TILE : GPSSI VS IJOB D II CONVERS ATIONAL MONITOR SYSTEM

T B A H S P E R  .5 ,R 8 5 2 1 , 7 ! R R 2 2

*555* 555 5*5 *5*5  *5 55*5

~ DATA IS I N  D l i  *

*SS 55 55* S**  * 5 5*  5* *5 *4

R R R 2 1  QUEU E D I Q2 1 QUEUE TO R ETR IEVE DA T? .
TEST E BV EDV *3 ,1 021 OUT Q A N D  DRP21 FREE?
SA V E V A L U E  01L21+ ,1 SAVE SP AC E IN 021 O U?—Q

S USE 021 TO R E T R I E V E  ~
* T H E D A T A *

*55 SS *5*5*5 5 55*  * 55 5*  5*
OTt M ACRO DE ?2 1 ,D IQ2 1 ,X S L E X 2 1 R E TR I E V E T H E  DA TA

QUEUE DYQ2 1 PUT DA TA IN SLOT

TEST I BV S B Y A q ,1 12 IN—Q AND L3052 FREE?
S A V E V A L U E  11125 , 1 R E S E R V E 12 IN— Q SLOT

• USE 1a0S2 S E N D  ~~ T.% 70 5

5 1 2  *

UTX MACRO LDU S2,01Q21 ,XSBEX DI

SAV EVALU ! 01L21— ,l RELEASE SLOT IN 021 OUT-Q~IEUET R A N SF E R •R T F 2  TO COPE FOR fi!AD—?HRO~iGN FROM L(2)

SS*.*sSsi**S***a*SS*
S DATA IS IN  0 2 2  ~
SSSSS *5 5* 5* *0  5* ** *5 5

3RE 22 QUEUE 01-222 -

TEST ! B V S R V A 2 1 , 1
- - SA V E Y A L U E  D1L22 . , l

OTt M AC R O DflP 22 ,DIQ22 ,X~ DEX22

QUEUE 01Q22
TEST E BVS3VA I~,i
S A V E V A L U E  1X 12 + , i

OTt MACR O LBU S2 ,D 1Q22 ,X S B E X D 1

SAV E VAL U! 01t22— ,i
T R A N S F E R  ,8TF 2

S R E A D T H P O J G N  F R C M  L E V E L  1(2) *

IT? 2 ASSIGN 11 ,0

— 70 —
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PIL E : CPSS 1 VS IJ O B D l i  CONV E R S A T I O N A L  MONITOR SYSTEM

• *5 S 5* 5* * * *5 55$ 5*  5*5 *5*  *5  5* S *5

* SERVI C ED 8? E 2  *

S55** * *5 S 5*5 5 5* 5* 6* S 5* *5 5 5 5*  *8
UQD Q MA C R O K~ Q2 .KXL2 — ,KY Q2, AYL2 .,KRP 2 ,X SK E X , 5YS B VAS

TES T E B V S D V A 6, 1 11 IN—Q AND G OD S FREE?
S A V E V A L U E K X L l . , i RESERV E K1 IN— Q SLOT

5 5* * *5* S .* *5 5 5 s 5 5 5 5* * *5 5 5
• USE C OO S TO SIN E D A T A  TQ*
5 1 1
5 5S S 5 5 5 5 5 5* * * * * * * *s * * .  *5*
071 MACRO GBUS ,NY Q 2,X 5 0EX O 1

S A V E V A L U E  1Yt2 — , 1 RELEASE SLOT IN K2

*5*5*  *~~* * 5 5 5*s * 0* *5*s 5 * 5* s * *s * 5 * * * *
S S T O R E  L A T .~ INTO L(i) AS A RE S ULT ~
* Of R E A D — T H R O ( J ’3 H 5

5* 5 555*5  555*5*.*5*$*s**5s**s**5S5**

STOR 1 ASSIG N 11 ,0

555*5 ** 5** *** $** s * *$ 5** * $  -

* SERVICED DY Xl *

DOD MACRO K I Q 1 , L(X t i — ,, E T L 1 + ,K B P 1 ,X SK EX , B V $ B V A 2 O

5*5 *5 *55 555* *5* 4* *5*  *5* .85*  5* 5*5 8

S SEN D TO D l i  C~ 0 12 5

5555555555***$*5iss*5*$5*ss*55**5

SPLIT i.PN$WICHW ,1 WHICH DATA CACRE TO GO?
F T E R M I N A T E

5 5 5 5 5 5* * *5 5 5* u . s S $* *  -

S STORE TO C li
S 55 ** 5*5 *5* 5* *5 5* 55*

V V W I 1  A S S I G N  11 ,0 WRITE TO 011
QUEUE M’iQl
TEST £ B V S O Y A 7 , 1 SPAC E IN Dli I N — Q  A N D LODS I F REE?
SAV EVA LUE DXL11 ..1 YE S, R E S E R V E  A SLOT

5 5*55 55 .55* * *5 * *8 *5 *5* * *5
S S E N D  TIN T O  011 V I A  *
S L B I J S 1  *

SSS** S 5* 55 * 5 5* *5*  5 5*55* 5*

UTX M ACRO LDDS1 ,KT Q 1 ,I S B E X D 1

S A V E V A L U !  K Y L 1 - , 1 RELEASE 11 SLO T

SSS 5* 55 5*55  555*  5* 55 * *5*5*

- 
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FIL E : G P SS 1 VS 1JO3 DI~ C O N V E R S A T I 3 N A L  M O aIT O R S Y S T E M

S WRITE DAT ’~ TO Dli * 
-

5*5 5*5* *  *55**55***s*5S***

DOT M ACRO bZQl l ,DRP 1 I ,X 3DE xil

S A V E V A L U E  D X L 1 1 — , 1
TRANSFER .X3POVi ,TJOVI1,OVL I1 ANY OVENFLON FROM L(l)?

5 5* 5* 55*  5* S 5* 5* .5 *5*  *5 55*
S NO OVERFLOW FRO M 1 ( 1 )  *

s5*SS****5**s*S******5**S

NO V 1 1  ASSIG N 11 ,0 -

* THE READ T X N  !iAR E N O E D
* 5* S* *~~S* *  5* Sss* .ssssss**

PIN t  MACRO
TR A N SFER ,ST A R 1

5*5 5 S S $ s p 5 5~~* 5* .* * *s s~~**s
S T H E P E  IS O V E R F L O W  F R C M ~
S 1 ( 1 ) ,  END 1!!E R E A D  ~
S TIN . AT THE SAME T I M E  *

* H A N D L E  T H E  O V E R F L O W  S

* S* 5* 55 * * St 55 *5 ** *5 * *5 *5*

OV LI1 SPLIT i ,OV F11 GOT OVERFLOW HAN DL INO
TINt  M A C R O  AT T ’ E  SAME T I M E  END THE lxx

T R A N SFER ,STAR1

S *5 *5 5*5*  *5 5* *5*5*5* 55 5 5*
S O V E R F L OW H A N D L I NG FC R
* D l i  *
S* S 5* * 5 S* * * * 5 5 5* $ s s * S 5  55*

OV F I 1  ASSIGN 11 ,0

O Q I M AC R O 00Q1 1 , L B U S I , X S B E X M
T R A N SF E R  ,0V L 1  GOTO COMMON ~~DE FO R OVE RFL OW

5*5 *5 5* 5*5*  5* * *5*55*  *55*  S * S 5 * *5 5 5*  * 5*
S W W W 1 2  S
555*5 *5 * 5*5* *5 S 5* *5 *5*  *5 5*6  5* 55*  *5 5 *5

5555* *5* 0  55*5 * *5* ** * 55*  55 *5 *55* SSS * 55

* W V W i 3 *

SS*SSSS SS**s******s*******5*5s*v**S**

I V W I 2  A S S I G N  11 , 0
VWWI 3 ASSIG N 11 ,0

* * S * * * S* * 8 5 5 5* S S S S S S* 5  5*5*55*55*55*
• COM MON CODE FOR OVERFLOW PROM *
S L ( 1 )

~ ~P - ‘ L i  -~ 1. J ~~
$ • - -  • U~ s ~~~~~ ,1 —
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F ILE: G ?551 VS 1JOB 0 14- CONV ERSATIONAL MONITOR SYSTEM

55 5*5 *5 55 *55 *55* *5* *5* 5* 5* 1 5*5  5*

011. 1 ASSIGN 11 ,0

*55 5* 5 5* 5* 5*  *5 5*5  *5* *8 5* *** S S  5* 5 5 5  * 5* *55

* USE Xi , T H EN C O O S , T H E N  12 ‘

* THEN L D U S 2 . T H E N  U S E  P2 - *

*5* 5* *55 *** * *5* * 5 5*  5 * 5 5 5*  *5*5  5*55 * * 5* * *5

UQT Q M A CRO KIQI ,KR21 ,KOQ I .X SX EX

UTI M ACRO caus ,KoQi, xsaExM

UQTQ MACRO KI Q2 .K R 2 2 ,KOQ2 , X$XEX

OTt MACR O L 8U S2 , KO Q 2,IS OEX M

Q U E U E  RIQ2

UTX MACE Q REP2 ,BIQ2,X S R E X

TER M IN ATE

555*5*5*5*5 * * * * * * *S* S *  5*0
S DA T A IS F O U N D  I N  L ( 3 )  S

SS * S * S 5 * ** * *S t s S* *5 5* S* * S

INL3 QUEUE E0Q3

555  5* 5*5  *55  5 5* 5  *5 *5*  5* *5*
S USE 1.0053 SEND TIN TO *

* 0)1 *

S S ** S * S * S 5* * 5 $ s* *S * *S * 5* S

OTt MACR O L8DS3 , R OQ3 ,X 3 D E I M

5 5* 5 * 5 * S S * ** 6 * * * * * *  *5 *5 *5 *5 5 *

* READ FEOM 3 3 1  OP 03 2 ?  *
5 5 5*  *5 5* 5 5  * * 5*5* S *5  5* s 5 5 *  * 5*

TR ANSF E R .5 ,P E R 3 l , a R R 3 2

5*5 5* S** * 5* *5* * 5* 5*5

* RE A D F RO M 031 ~
5*5 5* 5*5 *5*  *5 * *5* *5*

R R R 3 1  Q U E U E  D Q 3 1
TES T S B V E B V A O , I SPACE IN 031 O UT — Q AND D R P 3 1  FREE?
S A Y E V A L U E  D Y L 3 1 4 - , i

*5**S5**S****S*5*****555*

* REA D DATA PRCM 031 *
S *5 55 5*5 55* 5  S*S *5 5* *55 5 5* 
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TILE: GPSS 1 IS1JOS Dt~ CONVE R SATIONAL MONI TOR SY STEM

OTt MA CR O  0 8P 3 1 ,D IQ3 I ,XS DE X 31

QUEUE D Y Q3 I
T!!~ I 0753 VA 9 ,1 SP ACE IN 13 114—Q AND LBUS3 TREE?
SA VEVALLJ C KXL3 .,1 YE S , R E S E R V E  SLOT

55*5 *5* 5 *5 5 0 *55 5* *45  *5 5 *5

5 USE LUUS) SEND C A T?.  TO ~
S 1 3  *

S* *5*S* 5*5 5*S* *s ** ** *5* S*

OTt MACRO LOUS3,DrQ3 i ,1s131xp2

SAVEV ’.LUE OYL31— ,l
TRA N SF ER ,RTF) GO TO READ-THROUGH FROM L(3)

* R E A D  F l - C M 332 *
S 5*S*5 5S5*5** S .* , S**

BBn 32 Q U E U E  0 1032
TE ST S C V 3~ VA 22 ,1
SAV E V A L U E  DY I.3 2 . , 1

OTt MACRO DRP)2,DIQ32 .X50E132

0 0111! 010)2  
-

TEST I 3VSNV ~ 9,l
S A V E V A L U E  XX L3 ., 1

DII MACRO L0053 , 01Q32 ,xSD!x02

S A V E V A L U E  D Y ) 2 — , i
TRANSFER ,R T F 3

* *5 *5 *5*  5 *S* *55  *5 5 5 5  *5  *5 *5*5  * 5* *55 S

* R EA D — T H E C U E R  P20 1 L ( 3 )  DATA IS ~
* SENT TO L(2) AND L ( i )  AT HE *

S S A M !  T i M E  S

SS***S**S*****S55*5$**.*S***6SSS**S

11P3 ASSIGN 11 ,0

555 S5 555 *S5 * *5*  *5 * *5 *5 S 5*
• S E R V I C E D  81 13 *
SSS 5*5*5 56*5  5*5 5 55 *5 5* 55*

DQDQ M ACRO 11Q3 , 1XL 3 — , K YQ3 , XYL3 * , XR P 3 ,XSK E X ,R V S B V A I O

TES T S B V 3R T OK , 1 L( I) & 1. (2) REA D Y C GRO S FEZ!?
SA Y EV A LU E  K X t 1 . , 1
SAVE VALU! 1XL2 ., l

*5* 55 *5 *5 *5 55*5 *5 5* *5* * *5

* BOTH L ( i )  A N D  L ( 2 )  ~

- .
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FILE: GPS SI  VS 1JOO Dl ~ CONVERS A T I O N A L  M ONIT CR S Y S T E M

* R E A D Y  TO ACCE PT DA TA *

S FROM GNUS
5555****6*5*s**5**5***5**

DIX MAC RO GDUS ,1CYQ3 .130E102

— S A Y E V * L U E  &Y L 3 — , i
SPLIT 1,STOS 1 READ—THROUG H TO L (1)

1 5 5 SS 5* * * .* S* * 5 S* * * * *S 5* S
S R E A D — T H R O U G H  TO L ( 2 J  *
S*S *5 5 5* 5* *5*  5* 5*  5*5 *5*  *4

STOR2 ASS I- N 11 ,0

*55 *5 55*  * 5 5*  *5*  0* *5*  5*5 5*
* SERVICED 81 5

5S*****S*.*.*** * 5 5* 5* 5  *5*

UQDQ MACRO K X Q 2 , I X L 2 — , X YQ2 , K Y L 2 S , K R P 2 , X S K E X , D V S B V A 5

TEST I BVS BVA I1 ,1 SPACE IN P2 IN—Q AND LBUS2 FREE?
S A V E V A L U E EXL 2 s , 1 YES, R2 S ED V E SLOT

*5* *** *55*  * *5 5* *5*  5* *5 55*
• USE L C U S 2  SE~ D TO P2 *

DII MA CPO L0U52 .11Q2 ,X13E 102

SAV E V A L U C  11L 2— , i FRE E SLOT IN 12

•S55*Ss5*6S.e** **5**5S***

~ SERVICED DY ?2 * -

S***S*****S*S5******a***s

U QO M A C R O  R XQ 2 ,PXL2 — ,, RTL2 ,,R 8P2,XSBEX ,5VSSVA I2

SPLIT  1,0V H2 HANDLE ANY OVER F LO W

• STOP! IN T O  321 C~ 322? 5

*S**SS***S***S*SS**S*S**SS*****

TRANSFER .5,SSS2 I,SSS22

5•5*5 *ss*S**s.**aSSSSS**s
• STO R E INT O D2 1 *

•sS ** *5* ** * * 5* 5* ***  5* * *5

SSS21 QUEUE RYQ2
TEST I S V S D V A 1 3 , 1 021 I N — Q  A N D  LBU S2 FR !!?
SAVE YA LU E 01L21.,1 YES, RESERVE TUE SPACE

5*55* ***S* * 5*56 *5* *5 *5* *5 5*5 5*

— 75 —
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TILE : G P S S I  Y S 1 J O B  D 1 7  C O N V E R S A T I O N A L  M ONITOR SY ST EM

S SEN D DAT A 10 021 V I A 003 6

DIX MACRO L3 us2 , R 1Q 2 9 x 3 8 E x D 2

S L V E V A L U E  RYL 2— , l R EL E ASE SPACE IN 32

UQT MACRO D X Q 2 1 ,0RP 2 1 , X $ D E X 2 1

S A V E V A L U E  D X L 2 I — , i
TERMIN ATE

*S* * ***** * *S  *S*5S*****55*
S STO P.! I N T O  022
S*5*******S*.**s******S**

5SS22 Q U E U E  R !Q 2
TEST I D V S B V A 2 3 , 1
S A V !V A L U C  0X L 2 2 . , l

DIX MACRO LBU S2 . 1YQ2, X S R E X D 2  
-

SAVE VAL UE RYL2— ,1

DOT MACRO D X Q 2 2 ,0 N P 2 2 ,X $DEX22

SA Y I V A L U E  0X L 2 2 — , i
T E R M I N A TE

5 5 5 5$ 5 5S 5 5* * SS S S*  *5 .*** 5* * ** * *
S RAND. \NY O1ER ~’. FRO ’ L(2) *
*55S 5 *5 * * 5*  *S*  * 5 5* 5 *  5*  * *5

OVI { 2 T R A N S F E R  . X $ P O V 2 ,u 0V 2 , 01L2
OVL 2 QUEU E 30Q2

*5* *5 *5* 65*5 *5* 5* 5* * *5*5*
S USE L O U S 2 ,  U S E  ~2 ,  U S E  *

* 080$ .  USE 13 , us~ L O U S ) .  *

~ T U E M  USE P3 5

S***S****************S 55*

DTX MA C R O L3 U 52 ,F .0 Q2 , X $ U E X M

0010 M ACRO 11Q2, ICP.P 2,X OQ2, X X K E X

DIX M ACRO G DU S , 10Q 2 , X S 3 E X M

DQIQ M ACRO 11Q3 , 1PP 3 , 10Q 3. X SKE X

DII M ACRO L BU S3 , 10Q3 , X S B E X M

UQI M ACRO RIQ 3 , fl?3 ,XSRU

10Y2 T E R M I N A T E
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?1LE~ G ?SS1 YS1JOS Dl~ CONVERSATION A L MONITOR SYSTEM

SSS*55.*5 *Ss***5*S***5 *55

S CQ 5M C M COD ! FO P W R I T E  *
S TO LO VER LE V ELS S

S 5* 55 *5*  5* * * *5*5*  *5*  5*5 *5
CO MW ASS IGN 11 ,C DUMM Y STATEMEN T

555* SS*S5* * * 55* 5* S 5*5* *5*

* S E R V ICED D Y X i  5

000Q MACRO XXQ 1 ,11L 1— ,EYQ1 ,KTL1. ,K R P 1 ,XS1CE X ,31S5Vk14

TEST S OVSB V A1 5 , 1 12 IN—Q A N D G3US FREE?
SAV E VA LU E K 1L2 . , 1

5*5*55*5*5*  SS* ** ** 5* * * 5 5 s
S USE GODS *
*55 5* 5* 5* 5* 5*5 *5*  *5*5* *5*

DII LUCRO GBUS ,K Y Q 1,X S D E X D I
SAVEVAL OS KYL1— ,1

•55 5*55555*******SS*** *5*

* S E R V I C E D  ST 12 *
5s55*$***s*******SSSS* 5*5

UQDQ M ACRO 11Q2, X1L2 — , 17Q2 ,X Y L 2 . ,1322 ,XSK!X ,3V S3V 15

TEST ~ B V $ B V A 1 1 ,1 R2 IN—Q AND L3US2 TRE E ?
SAVEV A LU B RXL2 .,1

* USE 1.13052 5

*55*5 ******S******SS*****

DIX MACRO L30S2.KYQ2 ,XSBEXD1
SAYE VAL U E KYL 2— ,1

5*5*5*5*  SSS***********5**
* SER VICED BY R2 *
5*555*55 SSS5SSS*S*s******

UQD M A CR O R X Q 2 ,li 1L2— ,,RYL2*,R8P2 ,XSREX ,BVSSVA1 2

* *5 55*5 * *5* * 5* * *5 5* 5  5* * *5 5* 5*5 5  55

* SERV ED 81 321 OR 02 2 ?  5

55*5* 5*55  *5 * *5 S 55* 5*5* 5* *5*5  555 5*

TRANSFER .5 ,SWS 2 1 ,SWS2 2

*•S5SSSSS•*****•*55******

* SZL V I CI D 31 021 *

S S* * *S*e . SS S* S* *•* S* * *S* ’

_ _ _ _ _
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FILE: GP SS 1 VS 1JO B Dli CONVEISATIONAL MONITOR SYSTEM

SW S 2I QU E U E  R T Q 2
TEST £ D V R O V A 1 3 ,1
S A V E V A L U E  D X L 2 1+ , 1

DIX MACRO LBUS2 .RY Q2 .X5 811D 1

SAVEVALU ! RYL2- ,1
OQDQ M A CRO DX Q 2I,DXL2 I— .01Q21 ,DYL2 1+ ,DRP2 1 ,XSDEX21 ,BVSBV&3

• TEST I 8 V S 8 V A l ~, 1 K2 IN—Q AND LBUS2 TREE?
SAVEVA LUE KXL2+ ,1

*5* 5 *55*  *5 5* 5 55 * 5*5*  *5 5 *5

S US E 1.0052 S E N D  TO 12 •
*S*S*S 5***SS***5*s** *5*5*

DIX M ACRO L B U S 2 . DYQ 2I, XSB EX D 2

S A V E V A L O E  D T L 2 I - , 1
SPLIT 1,AC K2 PREPARE TO SEND A CM TO L(1)

T R A N S F E R  .51323 GO TO STORE—BEHIND TO L (3)

SSSSS***** 5**S**55*8**Sss*****

* SEND A CM TO L ( i )  * 
—

5 5*5* 555 *5*  S *5*5  5* *5*5*  *5 *5  * 5*

ACK2 QUEUE DO Q2 1

OTt MAC SO LDUS 2 ,00021 .XS BEXM

TB A N S ’ER , ACX2 I

*5555 *5* 5* * 6* *5 5* *SS *5*5  *5 5 5*

• SERVICED BY D22 S

SV S22 Q0 . U E  PY Q2
TEST I B V SD V A 2 3 ,1
S A Y E V A L U E 0 X L 2 2 + , 1

DIX MACRO LDUS2,81Q2 ,X$SEXD1

S A V E V A L U E  R Y L 2 — , 1

UQDQ MAC R O DXQ22 ,DXL22— ,DYQ22,DYL22S ,DRP22,X$D5X22 ,BVSBTA21

TEST £ BV IBV &4 ,1
SAV EVAL U! MXL 2 .,1

DIX MACRO L 8U52 ,DYQ22 ,138E102

S A Y E V A L U E  D Y L 2 2 — , I
SPLIT 1.ACK3

— —



FILE: G?SS1 VS 1JOB D Jo CONV ERSATIO NAL MONITOR SYSTEM

- - 
TRANSFER ,STB23

ACK3 QUEUE D0Q 22

DIX M ACRO LBUS2,00Q22 ,X$BEXM

T R A N S F E R  , A C X 2 I

* STOPE 3EHI ~~3 PE CI *

• * 1(2) TO 1.13) 5

55* *5 5*5*5*  * *** 55* 5*  5 5*  *5

5T823 ASSIGN 11 ,0

UQDQ MAC R O MXQ2 .M X L2— ,KYQ2,11L2.,KRI’2,XSKEX ,BVSBVA 5

TEST I BV 3IIVA 16 ,1 13 IN—Q AND GBUS FRE E?
S A V E V A L O S KX LO .,1

DIX M ACRO G 3US , M YQ2 , X $ B E X D 2  - -

S A V E V A L U Z  1C1 L2 — , 1

~~DQ MAC R O KXQ3 ,~~~L3— ,KY Q3,KTL3 .,KR?3,X S K E X , B V S B V A 1 O

TEST I B V SB VA 1 7 ,1 R3 IN—Q AND 1.3053 FREE?
SAVEVA L IJI R1L3.,1

DIX MACR O LB U S3 , X Y Q 3 , X 3 D Z X D 2

S A V E V A L U E  1YL 3— , 1

DOD M A C R O  R X Q 3 , R 1 L 3 — , , P! L3 . ,R R P 3 , XM R E X , 8 7 $ B V A 1 O

SS** ** * *S** * S* S 5* 5 .* * e S •5 5** * * * ** *

S SERVICED BY 031 OR 032? *

5*5 * * 5 * *5 * * *5 5*  * *5* * * * * * 55 * * * * * * * 5

TRAN SFER .5.SWS3 1 ,SW S32

5*5 *5*5* *5 *5 5*5  *5 *55

* SERY.  BY D 3 1  s
55* 55 *5*5*5 * **S *5 5*5

SVS31 QUEUE RYQJ
TEST E B V S B V A 1 9 , 1 -

S A V E V A L U E  01133 . , 1

DIX MACRO L BU S3 , R1 Q3 , X S SZ X D 2

S A V E V A L U E  a1 L3— , 1
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FILE: G ESS I V S I J O B  022 C O N V E R S A T I O N A L  MONITOR SYSTEM

OQI M ACRO DXQ 3 1 1D R P 3 1 . X501 X3 1

S A V E V A L U E  D X L 3 1 — , 1

DOT MACRO DoQ3 1 .L gu s) , x s a E x M
T R A N S F E R  , AC Z 22

*S*SS*SSS*SS*S*** 5*5
S SE P T.  DY 032 ~
5*5*5 5*5 *5* *5 *5*5 5*5

5)2532 QUEUE RTQ3
TEST E BV$BVA2II ,1
SAVEVALU E DXL32 .,i

DIX M ACR O L DU S3 ,RYQ3 ,X$BIXD2

SATEVALUE RTL3— ,1

UQT MACRO D X Q 3 2 , D R P 3 2 , X SDE X 3 2

SA V E V 7I LO E D X L 3 2 — , 1

UQT MACRO 00Q32 ,LDUS3 ,X S B E X M

TRANSFER ,AC122

55555555555 ******S***S**5e*5*5**55*

* AC I FROM L(2) TO i~(3) *

S*5 *5 *55*5 *5 55 * *5 55 *5*  *5*5*  5* 5* * S S*

A C M 2 2  A S S I G N  11 ,0

0010 MACRO KIQ3 ,KBP3 .KOQ3 ,XSKEX

DIX MA CRO GBU S ,XOQ ),XSBEX M

U QTQ MACRO MIQ2 ,XR22 ,10Q2 ,X SKEX

DIX MACR O LBD S2,10Q2,XSBE X M

UQTQ MACRO RAQ2 ,88P2 ,RCQ2 .XSREX

DIX MACRO LBUS2,R0Q2,ISSEX ZI
TRANSFER ,AC A 2 1

S ACM F R O M L ( 2 )  TO L I I )  *

AC M 21 ASSIGN 11 , .)

OQTQ MA CRO 11Q2,1P22,10Q2,XSK!X

— 90 -
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• PILE: GPSS1 V S 1JOB D2~ CONVERSATIONAL MONITOR SY STEM

~~X MACRO GOUS ,10Q 2,X $BEXM

UQTQ MACRO KI Q I ,A R P I ,XOQ I ,XSKEX

DIX MACRO LDUS1 ,M OQ 1 ,XSDEXM
SPLIT 1,FN$WICHA ,1
TERMINATE

A A A I 1  ASSIG N 11 ,0
AAA I 2  ASSIGN 11 ,0
£AA13 A S S I G N  11 , 0

- QU E U E  D I Q I I
SEI Z E D R M 1
D E P A R T  D I Q 1 I
ASSIGN ~.,XS 3EX
ASSIGN 7,X S~ EX
ADVA N CE P7
R E L E A SE O R P I I
TERMINATE

* AAA 1 2 S
*5*55 *5*5  5* * S *5 *5 *

S A A A 1 3  *

***S**s***S*55*55****SS**S**5*55***

• *

* TIMER SE G~ ENT — T I M E  U N I T  IS *

* O N E  N A N O S E C O N D  *

*55*5 5* 5* *5 S *5* 5*5 *5 55 * *55* 55*5 55* 5

GENERATE XSTIME3
T E R M I N A T E  1

START I
END

/5
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(s tar4)

_ _ _  

write to~~

[read from 1 [ Isearc h i r send
D14 directoryt ~tore-behind

______ _______ ______ ______ 
o Ki via ibus

send to Ki
via lbusl

(comr)
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(star5)

_ _ _  

L~) 
_ _ _-~~~ ~( CPu5~~~ )4. 

II
(rr 5) 

( ) IPJ w;~~
e to 1

bread from search 1
~send

015 directory I Jstore-behind

Jto Ki via ibus

send to Ki

via lbusl

(comr)
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( comr )

_ _  

R3 

_

4 
— 1~ send to

send to Send to R3 K3 via lbus3
K2 via I
gbus via lbus3

K2 

~1 r i  

K3

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ send to K4

via gbus
send to R2 send to K3

via Ibus2 via . gbus

_ _  

[K 4

send to R4
R2 K2 via lbus4

send to K2 R4
in via lbus2

L2? no 4,
yes

( 1n14)
( 1n12)
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_ _  _ _

(1n12)

~1

send to
device via
lbus2

(rrr2l (rrr22)

021 022

send to K2 send to K2

via lbus2 via lbus2

K2

send to Ki

v ia gbus

(s torl )
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(St?

Ki

4

send to (www1~) (www1~ ) (www l4 ) (www~5)
Ol i via I I
ibusi .

~~~~ 
I

_ _ _ _  
I I
I I

write to I IOn I

I I
~~~~~~~~~~~~~~~~~~~~~ J send to Ki

N.. ? ~.~‘“1 
via ibusi

f l O (  ~~~~~~~~~~~~~~~ ‘ 1____ I i
T~~~~~~ i

ovil) I I
(s ta n )  Ki I

—
F )

send t o K 2  I
via gbus 

R2 terminat

1 I send to R 2
K2

v ia lbus2
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(inl3)

q

send to
device via

1 bus3

(rnr3l) (rrr32)

D31 032

send to K3 send to K3
via lbus3

via lbus3

K3

send to Ki
and K2 v ia

gbus

(storl) (stor2)
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(stor2)

K2

4!~~~~
send to R2
via lbus2

no 
overflow? 

R2 

4(sss2l) (sss22)4

terminat 
send to K2 ~::‘

store into

K2 D21

4
send to K3 (terminat~
via gbus \\~

____
~/

/

4

V~~~1bUS~~~~~~~~~~
R3 termi

~~~ 

. .

~~~~~~~~~~~~~~~~~~~~~



(inl4)

U

send to devic
via ibus4

(rrr4l ) (rrr42)

041 D42

4 _ _ _ _ _  _ _ _ _ _

send to K4 (
send to K4

via lbus4 
[~~

a lbus4

K4

send to Ki
K2 and K3
via gbus

(stoni) (ston2) (stor3)

•1



(stor3)

L)

‘(3

—

send to R2

via lbus3

• _ _

• 
~~~~~~~~~~~~~~~~~ 

send t:D31 

(sss32)~

termi nat ~ send to K3 via lbus3

via lbus3

031
K3 

______________

1 send to K4 ~~~~~~te

~~~~K4~~~~~~ 

.

send to R4

via l bus4 R4 terminat
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_ __ _

(comw )

Kl

send to K2

via gbus

K2

send to R2

via lbus2j 

~~~R2

(sws2l ) 4, (sws22)

4
send to 021

via lbus2

021

] 
_ _ _

send to K2 send ack to

via lbus2 1(2 via ibu s

L) (ack2 l )
(stb23)
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(stb23 )

[ K 2

send to K3

via gbus

• 

[ K
~~~~~~

send to R3
via lbus3

~~~~R3

(sws3l ) 4, (sws3l )

send to 031

via lbus3

_ _

[D
31 

_ _ _ _ _

send to K3 I send ack to
via lbus3 K3 via lbus3 ~~~~~~~~~

1~,J (stb34)

_ _ _ _ _  _ _



(stb34)

K3

send to K4
via gbus

K4

Send to R4

via lbus4 

r R4
(sws4l ) 4, (sws42)

4send to 041

via lbus4

D4l

J 
_ _ _

send ack
(do nothing ) 

K4 via lbus4 
_____

(ack43)
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(ack2l )

send to Ki

via gbus

send to cach

via ibusi

(aaall) (aaal2) 
1 (aaal4) (aaal5)

D13

~~~~~ te
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(ack32)

send to K2

via gbus

4,

K2

4
send to R2

via lbus2

R2

4,

send to 1(2

via lbus2

(ack2l )

—~~- -~~~~~~~~~-



VT

(ack43)

send to K3
via gbus

K3 1
send to R3

via lbus3

r R 3

• 
[send to

• 
via lbus3

1L)
(ack32)
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PiLE : GP5S54 V51JC~B D I COWV E RS A ?I ONAL flONITOR S! STE~

~oa LA~.,~U’~’OFILF~ ’RET UEfl’ ,
// PR(~F 1 LV~~’LOW’ ,
// TI’~~~9
//‘ P SS ~C!. 0
//G PSS ~RCC//C E~ EC ?G D ;O 1 ,Ti~IE~ &TLI MiT
//STEPIJ~ CD ~Z~:=P C L c ’ .LI .’~~T.~~VS3.L0AD,DZ5 P=SHR//O OUTPIIT DO S Y Z O ’ J  P9, ’?l LE~~ R L T U F i ?~. ~~~~~~ L~(Z iZ  931
//DI !L~~ i~O DO ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
/ /D SY1T~~3 DO U~~1;rscI :cu ,S~ AC 2~~(CTL. (1 ,1)),DC3=3LKSI:Cz7112
// oP~~ r’T ;~~N DJ U , 4 t T ~~5C~~~T C U ~ SP~ C~~~(CYL, (1 ,
//D!~~T~~~~ ~~ uN C1~A : ,SPACZ~~(CiL .(1~~1)),DCB=BLKSIZZ~ 268O
// PE~0
//STE?1 EXEC CPSS.P~ ?~~ C.TLI~ IT~ 9
//O1UPU~~1 DO ‘

~. ~A L~ CC~ TE FUN ,5,Q~J E ,  1O .F~C,S0, DYR ,2OD ,BLo ,2O0O, VAa ,5O
• F . EAL LOCAT i  V ,5).USi,13,C0~1,L4OOOO... S. S* S ~~ S~~~~S S * * S S S S S S* * S

• S
• UN P A R S  US A GE
• S
• P1 C? U I)
• P2 ? X 1  ?~‘RIVAL ~~I~~~~

S
• P3 UN t O ~~P L T INE ‘
• pq TEN tX~ C t~~~L ‘ .

• P1 1 DU~~.1Y
• S
S.. .S•. SS 0 5*5 5 5 5*5 5 5 5 5 * 5 5

• S IS*S S S 5 S 0 0* S eS *S S S 5 *~~ 5Ø

• *
• NODEL CO~1P0NENIS S
• S
• OUSES : GOUZ. L B tJS1 ,. • *
• CACIIC S: D 1 1 ....~~~15 •
• LE V~~L CCN~~RL : K 1 , . . . t~ 4 S

* R~~Q P K O C S :  f~2 . • .  ~‘e U
• DEVIC S: 021. • .D4 2  *
• sTo~ AG~: : R I .  R O
• STC I’A~~E : SI, 53 *
S S T 0 R A ~~~~~: TI . TO *
• STC IACC : ~I. ~O *
STC’~. AG Z : O~~, 00 *

• S
•S S* s * S* * * *s . *s e* *s s s S • , .

• 5 S* S* * *S S S* * S S* $ I* *5* . 5 5

* *
* PIODEL PAL\ ’iETERS S

• S

SSS***e*I SS*q*sSS,**S*s,.

INX~ T.~L XS~ AX MP ,1O DEGREE OP l~UL~ I2~i0G PER CPU
I N I T I A L  X SN I~E A D , 5OC % READ REQ

THIS PA~)1 IS ~LST ~~~ r yy rRAc!LCABL7R3~ ‘t’~ I.&MáL.  
~~~~

. I&~ ~~C
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_

PILE: GPSS5L~ VSIJ OD 02 CONVER SATIONAL lIOWITOR SVSTE1I

I N I T I  A L  X~ U~~R T T , 500 % W f l I ~~5 U T ~Q
I N I T I A L  X f l i U 1 , 900 C G N D L T I C H A L t ’HO~ OF F I N D I N G  DATA
I N T 1 . L  X P I N 2 , ) O O  I U  4 LL v: L G 1 Y E ~ T H A T  T~I C H
I W ~~~ L 6 L  X!~~I~J 3 , ’,0O eA T.~ I~ ~~ T F 3 U N D  I N  A N Y  U P P E R
I N I T I A L  U p I P ; L~. 1 O0 O  L E V E L  H
I N I T I \ L  X I ~P O V  1, 500 P R O D  0? O V E R F L O W
I T I A L  X 1 . ’fDV 2 , SOO
I N I T I L X~~? O V ) , 5C0
I N I T ! .~ I. X . ~DE X 1 , 10 DEVICE SERVICE TIPIE H
I M I I~~L 1 3 L X 2 . 1C O
I:~I T I .~ 1. I ~D E X 3 , 2 0 )
I N I T .~!. X S D E X ~~, 1000
I N I T L\ L X~~~~ X~~, 1C BU S S E R V ICE TI N E
I N 1 T i ~~ . X J E X 1 , 10
I N I T I A L  X 3 ~~L L 2 , 00
I N I T I A L  X $ D L E 3 , 32 3

• I N I T :A i .  X 3 4 X ,2 )  DIREC IOFY L O O K  UP
I N I T I A L  X S K E X , 1O C O N T ~~CLLE11 .~~ RV T I N E
I N I T I A L  X~~?~) E X 1 , 30 L O O N U P  P L U S  ~~~A D  T:~~e 0? CACHE
I N I T I A L  X$ I A E ~~, 2 0 O O O O  SI.~U L A 2 I O U  TI~~Z

• • S S• • S • * * *e • * * . Ss * S ’ S S • *

• S

* SA V E V A L U EZ *
* S

* NUN TOTAL TEN PROC. ‘ -

* SU~1~C Al. !XEC T~~ ZS •
• SU~ W T~~~.’~L ~\IT TI~i~ S ‘
• SU~~T T O T A L  CL.~~~S E D  TI~1S
• S

S 55 0* sq *. .5 0 * s* 0*5  5*55.5
•
• VANI A DL E S
• 5
*55*. S*Se**IS***S* .5*$S*S

P I R E S P F Y ; R I . \ D L E  ( X $ S U ~~T / X S N I X N )  N E A N  F E SP  T I I . E
T E N T  V A P I ~~UL~ P 3 — P 2  T EN E L A P S E D  T I ? . E
T X N ~ V A R I A J L E  P 3 — P 2 — P W  T IN  W A I T  T I l E
T I N E  V A R I A D L E  P ’~ T IN  E X E C  T I N E

5*5*5 S555S******US *S$SS5S

* *
• TABLES *
• 5
S S• S • •S s • • • • • *e • S s* • S*  Os.

TE N T T A D L E  V E T X N T . 100 , 100 , 100
TZ I ~W T A D L E  Y~~TX ~l ’J , 100 , 100, 100 * ‘ I
TINE TAL8LE V~~T X ~~X , 100, 100, 100

5•SS• S*SSU*5S*sS* 5* 5  * 5 5* 5
• S

•
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PILE: GPSO5~e YS1JOB 03 CCNVERSATIONAL MONITOR SY STEM

* FU NCTION S *
• S
SSSS***SS0**SUSS*S*S5* .*q

VICIIW FUNCTION 21 ,05
2. W 1 1 / 3 , u12 /W ,h~~w 1 3/5 ,W~~w 14/ 6 ,w W W 15

WICHA FUNCTION 21 .05
2,AAA 11/3 ,AAA12/4 ,AA~~13/5 .AAA 1W/6 ,AAA 1 5

* S*5 *5 5*  S. S *5  *5 *5 *5*  *5 *5*

* *
* STORAGE FOR L ( 1 )  *
* CA C H E S  S

* S
*SS** S5s*S****5S**S***$S*

STORAGE SSRID11 ,1 O/S$SID11 ,2/SSTID11 ,1O/SEAID11 ,1O
ST O R A G L~ S$?ID12 . 13/SSSID12 ,2/SZ:ID12, 1O/S3?~ID 1 2,1O
STORA3L S$eI1D13, 1 O/SSSID13, 2/S~ T I D l 3.10/5~ \IO13 .1O
ST O R A G c  S 3 R I D 1 4 , 1 0/s .SSID1~~, 2 / S $ T I D 1 W , 13/ S F A : D 1 4 , 1O
STORA3~ ZIRI3IS, 1 0/SSSIO15,2/S~ TID 15, 10/S~ A Io1 5 ,1O

SSSSS*SS**S*5S*S*5*S*S**S

• *
* STORA (.E FOR DEVICES S

* U
SS* 5*5*5  S 5*  *5  s. **.* S S S  g

STORAGE S4R1021 ,1O/SSSID2I,1O, ’1T 1021 ,1O
STOP 4~~E S ~R 1 D . ~2 . 1C/ s 1S 1022 , 10, ;$ T 1 0 2 2 , 10
S T O P A U E  S S R I O J I . 13/ 5 ISI ~~J 1 , 10,S T133 1 , 1 3
S T O R A G E  S I R I D 3 2 , 1 O/ S 3 SI D 3 2 , 1O~~SE i I 1 ~32. 1O
ST O P A G :  S I 1 , 1 O/ S.~S IC~~1 , 1O/5 STID ~~1 , 1O
S T 3 R A G E  S~~R I f l 4 2 ,  1Q /5 510W 2 ,  1 0/ S $ I I D M 2 , 10

*5*5 5 * 5 * 5 5 5  S * S S S S * * s  * 5 5 5*
S 5

• STORA FOR REQ PROC I

* *
I * S 5* S 0 , S* * *. S 5 *5 S 5 5* . . S 5

STOP&G 5SR1R2, 1O/SSSIR2.1O/SSTIP.2,1 O/S$4322,1 3/SSDIR2,1O
SIO P .~~ E S 3 R T R ) , 1O/ $3 SIP) , 1O/ S $TIII 3, 13/S $41p 3 . 13/S zoEr , 3, 1O
STOPA%.E S3RI ,13/S 5IR’~,10/SSTI ,10/S3AIl4 ,1O/S5oIfl~~,1O

*5* Sq *5 *5 5* * 5*5  *5 * 55  5*  *S S

• *
• STORAGE FOR ~1 S
• *

55 *•S *5 5*5 55 sO 5 55 *5 5  5*

STORA GE SSROK1 ,lO/SSSOIC 1,1O/SSTI IC1 ,,1O /SS&IX1 ,1 O/S$oOIc 1 ,1O

S*• S* * * * *  **SSSS 555*5*555*

• S

thiS ~~~~ ~ .. i~~I11 k’hALTLG4blaI
r~ua ~~~~~ -. .. -. -~~~ ~:,‘ ~~~ C —

S
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FILE: GP SS51~ VS1JOD 0+ CONVERSATIONAL ~ONITOR SYSTCfl

* STC UA G E FCR c2,K) ,K~e S
S S

S* 5 * * *5 * * * *U S S O S* * *S * * S * S

STORAGE SSRIK2, 1O/S$5IK2.1O/S3T1K2,1 C/5341K2,10/5501K2, 10
S T O r A G E  5.~R I K 3 , 1O/ S I K 3 , 1O/ 5 I T Ip : 3, 1O/S I~~3. 1O,~~~o L K 3 , 1O
ST O B A G r  ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
S T O P . \ GE S~~~c K 2 . 1 O/s cK 2 , 1O/ sS:cg2 , 1O/s c~ 2 , 1O/C ~ :~cN 2 , 1O
S T O P A G C  S I l ~C K 3 , 1~~/ S S S O K 3 , 10/ S3T0K 3, 1O/S 3 A O K 3 , 1O ,’s.~co K 3 . 10
S T O R ~~.~~ S $ R 0K ~& , 13/ 55SCKLe . 1O / 5$TO gW ,1 O/S .5AOK~~,1O/5~~QOK L e .1O

SS***S*5*S**S*S s*S***555S

* S

* B OOL E AN V A R I A D L ES
• *
SS*5* S***S*SS*S***S*SS*SS

* * *S 5* * * 5 * O  *Ss*SSSSSSSSSS

* *
• BY FOR REA D—THROUG H *
*
*5* *5 *5 * 5* 5*  5*  5*5 ***  *4*  0*

R T 0 K 2  BV I~~B L E  ? N U S G D U S • S ~i F $ T I K 1
PTOK3 BVARI .\BL S FNU$ US*~ NF~TIf;1*SNF$TIK2I t T C K L I

* *5 *5 *0 5* 5*0 * *55* S *5 5 SS*S

• *
• * By FOR L(1) *

* S
5* 5* 5  55 *5 S5 *5  *5 0* 5* 5*5 * 5*

DXP 1 CV. \RIA3LE ?NUSLOU31 0SNF:ROK 1
DK Si DV Al~ I A UL FN U.SL ~ J~ 1’~ ~F S S C X 1
O X O 1  0~~A P I A D L E  F~;lJ 3~~~~~~ 1~~~ :,F ~‘~C K I

~DT11 D V - T h I A b L E  F J~~L~ U S1.s : ; ! ; T I D 1 1
KDT 12 flVAFI!~iLE F~l U ~~L 3 U -~1’~PI F 3 T I D I 2
K0113 DV\N!4BL E ~~~~~~~~~~~~~~~~~~~
~ Dt1 L4 D/ ~~P I . \ D L F  ~~~~~~~~~~~~~~~~~~~~~KOT I 5 BYAR AD L E FNU SLBUS1 .Sup .;:1015
K D A I  1 EJ ~~~I \ f l L E  ?~ U t L3U~~1 . S N F 3 A I ~~11
r D A l 2  c v A r I r o . E  F 9 U : L~ ’J S 15 S : I ? $ A  r~~12
X D A 1 3  DV .~~I A B L !  !~.U 4L 3 U ~~1.~~;? 3 A I 3 1 3
N D A I ’ l  L i V A R ! A O L E  F U ~~L~, U 3 1 5 S ~, ? 3 A j D 1 & 4
ROAlS UVA R LA DLE iNU~ LDU S1.~ :1F$AID15

5* 5* 5* 5 0* 5  * 5555*5*5*5*5*0

* *
* BY FOR INT ER LE V EL COIS
* *
•* S* * . S* **5  * *S* 5* S S SS* S . .

KRR I2 EVAk lADLE F’;US~ au S’SNF5pIK2
1K512 DVARIAaLE ?NU$G~ U.~s5z.?$SIK2

//
/1
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PILE: GPS55~ VS 1JOD D5 C O N V E R S A T I O N A L  PIONITOB STST E~

uO1 2 BV~ RI AU1.E FNU.~GOI3S*SNF$SOK2
~ X T 2 i  B Y A R  L A L I L E  ~~~~~~~~~~~~~~~~~~~ 1( 1
1 ( K A 2 1  8 V A I I . U~L E F N U ~~( L U F S .I~1 F S & I K 1
1( 1( F 2 3  D’~ A ( -  I A ! I L E  F~~J £ U ~

5
~~IF~~l1K 31(!523 U V A P I A O L E  F N U ~~G~’US S ~ .F~~5I!c 3

X~~C 2 3  b . A i ’ I A O L E  F N U  !~~~ J~~.S : F ; o I 1( 3
K K r 3 2  D V A P I A U L E  F NJ !  G b U S * S U F S  I I~c2
U A 32  DV M~ A D L E  F N U  ~ DU ‘~~~ F $.~I 1(2
rVR3 11 DV API *~iLE IN ~~~~3S~ SUF IK4
K1 ( S3 ’& D Y A t ’~~.~ DLF.  F N L J .~U U S * S N ? S 5 I N 4
1(KO3~4 U V % R I A P  ;u Is*~~~p$ Q IKL o
K KT W 3  UVA DIA BLE FNU~ G3USS5N?STI~(3
~ K A i 4 3 B V A R I A D L E  F~~U~~~ O ’ J S • S N ? S A I X 3

*5*  *1 555  a~~s *0 5 * *5* *5555 55

0 5

• BY FO N  L ( )  O P S  S
• S

5*5 5*  *0 *5! 5* *55 *55 55 55 *1*

1C P R 2  U V .’~P t A B LE F~; U 5 L f l J S 2 S S N F $ R I R 2
Ici ~S2 B V A 1 ~I A D L  F N J I
Kl .T 2  B~~~!~I A 3 L E  F!~J ~ u~~2 ’5~!F~~TI : , 2
KRA 2 U V A ~~IA~~L: FN Ui J3 2~~S N~~$A I ~~2I (P0 2 DY A R IA DL E F~ U~~L;J-;2’SNF3C!1.2
RDR21 DVARI ~ BLE F~~U~ LBUS2~ SNF$~~I321F 052 1 D v F  IMIL :  F NtJ L~~J S 2 ’ S N F  ~~~ 02 1
~ D T21  U V A ~’I~~9 L E  ?~~u : L ~~~~~~’~~N~~I T I o 2 1
ROR22 UVM~IADLE :J~~~~JS2 * S~~’I~ !D22
E D S 2 2  U V A k t . ~ &~L E  F ’~U ! L D U S 2 ~~S : . ? ;SI C 22
P D T 2 2  D V A R I A B L E  :U~~:3Us 2’ F . 5 T ! D 2 2
DES2 BV %RIABLE F N J ~~L~~J S 2 *~~N p 3 3 C j ( 2
D K T 2  U V A ?  I A I ~L E  F~~1 U S 2 ~~SN F 5 T O y ~2
D~ *2 DV A f l I ; D L E  r~~u.c
RKR 2 IiVA!~ IABLE F J ~~Lfl US 2 S S N F $ R C K 2
~ K f l 2  BV A I 1 I A D L E  F U ~~L U S 2 N F S O O E 2
RKA 2 DYAP IABLE FNU ILOUS2~ SNF$A OK2

**S*55*****S5**SISS S**5S*

O *
S BY FOR L . ( 3 ~ 02$ *
* S
OS55 0 S 5*S S* *0 S S 5* IS**5S S*

K R R 3  B V A P I A D I . ?. F N U $ L D U S 3 . s u F 3 p l R 3
1( R S 3  B V A R I A D L ~ F N U ~~L f l U S 3~~~~ F S S I B ~
P~PT 3 OV A P l A D L E  ? N U  L F i U : ; ) ~~SN F 3 T [  N )
F R A 3  D V A P . ! .~ D L C  F N U ! L D U S 3 * S ~1F ~~A I 1 )
IcP O3 DV A R I A D L ~ F :~U 3 L 3s~~s ? E Q I R 3
R D R 3 1  B V A ( ~I A U L C  F U U S L B ’ J Z 3 ~~$ N F 3 ’  :031
PDS31 JVA ~~IADL ~ FSU~~L3 L S ~i:~FiSID31
PDT)1 DVAaIA1 ~LE ?NU;L~ u S3’~~ F~~:Ic31
RD1~32 ~V A ~ I.~flLE FNUSLJUS 3*S~.F~ R I D 3 2
RDS32 BV ARIA U LE TNU$ L~ US3*S:.?55IC32R 0 T 32  BY A R I A ~~LE F N U A L b U S 3 ’ s ~l ?$TLD 3 2

This PA~;~ i~ .~~. ,~.Ai~LIY FKLc!J4&$I~
FRUI .. ~~~~~~~ I4~ DOC
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FILE: GPSSS’I VS1JOD D~ CONVERSATIONAL MO :~ITOR SYSTE ~

D~~~ 3 f l V A I : I A U I . F .  FNI I I I I I I JZ 3S 5 NF £C01 3
D K T 3  U V . ~h I .’t U l . L ~ liJ ! L J U J J ~~S N F S T C K )
D N A )  DV A R I A b L E  P N U $ L~3 U Z 3 5 S t . F A O K 3
PFR3 3V.\~~I~~DLE FNL’ .Lf lU53’~~~Fi f .CK3
F I~A ) DV~~PI-~lJ.E F’.USL~iU~ 3’SNFSAOK)
RK 03 UVARIAD L E FI1 U~~L3US3’SNFSOC~ 3

• * * * 5 5* * S S S S 5* S 0 5* S S * * 5 5*
S *

* DY FOB L(’4) 025
S $

* 5* 0  * 55 5*  * * $5 5  * S* * * * 55*00

KRP~4 DV A?IABLE F U . ~LDUS’4~ SNFStIR ~
K 3 S ~4 B V AflIABL ~ FN Lj j I J S L S S N ~’,~5 I k 4
K R O ~I DV I U I A U L I
~~~p C ~ I B V A R I ; I s L :
11 0514 1 DV ’IP ~ A I 3 L E  F N J  ~l ~U S L 4 * S N F $ S I D 1 4 1
11 D1114 2 U Y A N t . ~ Lj L E  ~~~~~ L’J ( JS ’4 S N F ~( R l ~~ .2
RD5 14 2 DV.\ ~’I A ~J L E  F N U S L O U S U ’ S r F i s I D 1 42
DP~T L 4 O V A I 1 I~~R L E  F N 1 J -~L~J ’J S4~~S : 4F 3 T O K ’4
DKA I4 BV A T IA’J L E  F ( 1 U S 1 4 S S N F~~A O c ~t~

5*05* 55 5 *55 0*4 V 55 * *5 S~~
S *

5 
~ACRO S *

* *
• *5 * S 5*  *5 *50 55 S**S* 5 *505*

* OS *5 50 SOS * 5* 5*  55  *5 * *5 *5*
S *
S ~ A C R 0  —ItS !
* t A  F AC I L I T Y  S

* SB USAGE TINE 5
S *
O *5 5*  *5 0* 0* 5 0 5  *S*  5* 5  *5 *5 5

USE STAR TMAC RO
S E I Z E
A D V A k .E S~
A S 5 I O N  145 .58

RELE ASE IA
ENOI .~CRO

•*5 00SSSS** s*Ss*s*SS*S*SS

S S

• PIA C R O — *
• *• IA ?R0~ S

S I B  TO $

* IC V I A  *
• ID T:~A N S I 7  T I lE  *

~ SE B V ?OR SE ND 02 *
O S

5****SSSS*S5*SS.S55*VSSSS

S
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PALE: GPSS5’~ YS1J OB 07 CONVERSATIONAL BONITOR SYSTEM

SEND ST ARTI ACRO
TEST E IE , i
ENTER #0
SI1ZE SC
ADVAH CE ID
ASSIS:l 14~~,50NELEAS E IC
LEAVE IA
E N D I  ACRO

S O .* *.**s **  S* * *a* 5 . I* * * SS
5 5

* BACP. O — FI~iI S
O *

0*5 *5 5*15*0 5 5 1  0’ S 0 5*5  S*~S5S

PINT STAIlTIA CRO
3

S A V E V A L U E  N T X N . , 1
S A V E V ~ L U E  S U ’ X + .V $ i X N Z
S A V E V A L U ~ S U W + . V S T X N .
S * V E V .~ L U E  SU ST . , I 3 T X N T
SAVE ’/ALUE MI~ESP ,VSM2E 5PASSIGN 1,3
ASSIGN 2,0
ASSIGN 3.0
A S S I G N  14 ,0
£ N O  MAC NO

*5 • - ——— — S
O 

*
• BEGIN SIMULATION
* S
0* *

SI MU L A T E
**S****SS*SS555S*015S5*I*

* *
O CPU II S

• *
•S* S*S*55*1S5555*OSss***O

P.M U L T  3 ,5. 7 ,9 .11 , 13 , 15 , 17

CPU 1 G E N E R A TE ,,, I $ M A X M P,,,?
S T A R i  P R I O R I T Y  9 SET HIGH P FOR NEW TIN

M A R K  2 A R R I V A L  TIM!
ASSIGN 1 ,1 CPU ID
TR AN S? ’R .XS~;FEA0, Wd W I ,R R E 1

R R R I  TR A N SFE R • X~ ?I N 1 ,NX N 1 1 .LIN11

*5* 05 10*5 55 0 5* 5 5 5  5 5*  5* 5*0
S S

* DA T A IS I N  D A T A  C A C H E  0

0 

~~~
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FILE: GPSS5A YS1JOB DR CONVE RSATIONAL MONITOR SESTEM

• *
*5*S05*** SS* 550*1*01*0505

PIN I1 ENTER P101 1 PUT TIN r:i BEA D REQ BUFFER
USE MA CN O DRP11 ,X$R DEX1 SEAR Cil A N D RE AD CACHE

= LE AV E P10 11 FREE DUF?ER
F I N I  M N C R 3

TRANSFER ,STAR 1 A NE W TIN

* 5* * * 505 *5 * *1* *5 0  0*0 0 5*  5*

* S

* D A T A  I S  NOT IN C A C H E  S
S *
0* 5 0 5  S 0 0 5* S * S 0 5 5 S* S * * S * * O

N I N 1 I  E N T E R  P1011 PUT IN ?E A D  R E Q  D U F F E R
• D S E .  A A C P O  D R P 1 1 , X 3 R E X  S A R C H  D t I C T O R Y

P R I O R I T Y  0 F E S E T  P R I G ~~IT Y
S E N D  M A C R O  R I D 1 1 , 0 0 K 1 , L 8 U S1 , X S D Z X M , 3 V $ 0 1 ( R 1

T R A N S F E R  ,C O M R  TO COM ~~ON CODE FOR R E A D

S*O**S* S*****5S55**S* .*SS

* S
S W R I T Z  R E D U E S T  TO C A C H E ’
* *
0*5 55 *1 0 5* 5  * 5 5* 0 0  5 5 0  55 5 *5

YNV1  E N T E R  S ID 1 1  PUT ~N IN W R I T E  REQ BUFFER

US! MACRO DRP11 ,X S~ DEX1 WR I ’ DATA IN CACHE

PRIO~ IT T 0 RE SET T I N  ?RI O RITY
SEND MA CR O SID11 ,SOK1 .LUUS1 ,UCLX1 ,DVS DKS1

SPLIT i ,COMW

PIN I  M A C R O

TPAN S ?ER ,STA P1 A N E W T E N

* 0* ** *55 5*0 5 *1 S 5*555 50* SO
S *

* CPU 12 5

O S

**.* S.*..* **.S**S***•*0*O

4.
CPU 2 G E N E R A T E ,..X S M A X M P .,,F
S T A R 2  P R I O R I T Y  9 SET H I G H  P FOR NEW T IN

M A R K  2 A R R I V A L  T I M E  ~~
A S S I G N  1 , 2 CPU I -~~~~
T P % I I S F Z R  . X S N I . E A D , W W 1 4 2 , R R R 2  ••

RRR2 T?.A NS?!P. .XAPIN1 ,NIN1 2 ,0IU12

5 5* * * 55* *5*  *5*0  55*  0* 05*05

S 7
U-
‘~: 4’

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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?~ i.!: GPSSS14 Y51300 DI CONVERSATIONAL MONITOR SYSTEM

• 0

* DATA IS IN DATA CACH E *
5 5

RIN12 ENTER P1012 PUT TEN IN REA D REQ BUFFER
U S E  M~~C R O  D r . P 1 2 , X 3 R D E X 1 S E A R C U  A N D  R E A D  CA C H E

L E A V E P 1 0 1 2  F R E E  B U F F E R
FIHI HAC~ O

TRAN SFER ,STAR 2 A NEW TEN

5 * * *$ 5 0 5 5 0 5* S S S S* S  5 555 55 5

O *

S DATA IS NOT IN CACHE ~
O *

***5**** OOS****S *SSSS***S

N I N 1 2 LN T E R  F I D I 2 PUT I N R E A D  RE Q B U F F E R
USE MACRO DR P12 ,XSR X SEARCH DIRECTO RY

P N 1 ~~R I T Y  0 R E SET P R~~ F ITY
SEND MA CRO RIDI2,NOK 1 ,LBUS 1 , X$BEXM ,BVSOKR1

TRANS FER ,CCE R TO COMMON CODE FOR READ

0* S* S S S ,* *S  5 5 0S S S * S S O S S S*

* 0

* WRITE REQUEST TO CACHE’
O *
5 *5 5 S 5* *5 5* 0 5*  *5*  5*4  5*  * 5 5

WWW 2 ENTER 51012 PUT TIN IN WRITE REQ BUFFER

USE MACRO 0RP12 ,X S R D E I 1  W R I T E  DA TA IN CACHE

PRIORITY 0 RESET TEN PRIORITY
SEND MAC RO SID12, SOK1 ,LBUS1 ,X~ DIX 1 ,LVIDESI

SPL I T  1 .COBW

FINI M ACR O

TR AN S F E R  ,ST A P 2  A N E W TIN

• SO 05 5*5  005555 5 SO 5*5 *5* *5
S S
S CPU S3
• *
* 05 55 5*  5 5 5  * *0  *0  5* 5* 5  5* 0 5*

CPU3 GENE RATE ,,,X$MA XMP ,,,F
ST A P 3  P R I O R I T Y  9 S~ T HIGH P FOR NEW T EN

2 A RRI V AL TIME
ASSIG:i 1 ,3 CPU ID
TRANSFE R . X S N R E A D .W W W ) , P R P . 3

RRB3 TI.ANSFLR •XSPINI . ULN ’3 ,IiIN1 3

)~Li1~ ‘*~ F LS ~&SI L I  V

P -‘ ~ *1 ‘ . I -
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FILE: 325554 YS1JOD DIO CONVERSATIO NAL MONITOR SYSTEM

• S S* V * S S * 5 * O V S I S* S * * $ * 5 * V

* S
S D A T A  IS I N  UATA CACHE S

• S
*55555* 55* * 5. * *85 085*55* 0

R1N 13 E N T E R  111013 PUT T I N  IN R E A D  R EQ BUFFE R
U S E  M A C R O  D R R ’ 3 , X $ R D E X 1  S E A R C h  A N D  R E A D  CA C H E

LE~~V E R 1 0 1 3  F R E E  B U F F E R
F I N I  M A C R O

T E A H S R E ~ , S T A N 3  A N E W T E N

* 5*5 * 5* O S S O  * 5 5  * 55 55* *S  5*0
O *

* DATA IS NOT IN CACHE S

S 5

05*5* SSS050 SSSS 0* 55 5 0* 00*

NIN1 3 E’ ;TER P1013 P U T  IN R E A D  R E Q  B U F F E R
U S E  M A C F O  D P P 1 3 ,X $ R E X  S~~A R C h I  D i R E C T O R Y

? P L C  ‘. ! T Y  C R E S E T  P~~I C F  ~~
S E N D  l - A C I 0  R I D 1 3 , R O K 1 ,L D U S 1.X S 8 L X ~1, 3 V S & E R 1

T R A N S F E R  , CO M R TO C O M I O N  CODE FOR R E A D

* *5* * 5*55 55 5 55.4* *5* Vs 055
O S

O W R I T E  F . C Q U ST TO C A C H E ’
0 0

• OS 55 5 5 5  55  S O  5* 5  * S S S  0 85 * SO

W W W 3  E N T E R  SI D l )  PUT T C N  IN W R I T E  REQ B U F F E R

USE MACRO DRP13 ,X~ RD2X1 WR ITE DATA IN CACHE
- 

R E I O R I T Y  0 RESET TEN PRIO R ITY

SEND M A C P . O  S ID 1) , S OK 1 , L D U S 1 , X $ U E X 1 , B V S D K S 1

SPLIT 1,COMW

P1111 M A C R O

TRAN SFER ,STA R3

0500* 5*5 SSS S 5555*85 *05 5*5

* *
0 CPU 14 *
5 S

5*5 *5 05 S*S* *5* S *0 5*0 55 5 5*

C P U 1 4  G E N E R A T E  ,,, X $ M A X M P , . . ?
S T A R ~4 P R : 0 P I T Y  9 SET 111GB P FOR NE W T E N

MA RK 2 ARRI V AL TIME

• 4-- V

S

-
.,

- p

— 110—



FILE: GPSSS4 VS IJOB OH CONV ERSATIONAL MONITOR SYSTEM

ASSiG N 1 ,4 CPU ID
T R A N S F E R  . X $ N R E A D , W W W 1 4 , R R R 4

RRR’l T RAN SF E R •X ~~? I N 1 , U I N 1 4 , B I N 1 4

* 5* * 8 5*5 .  *55 5 5* *5 5*0 SSS 05

* *
~ DATA IS I N  D A T A  CACH E *

* 5
8 5 0  55 *55 0* 0 0 50 55* 00* 54 S 0*

RINI4 ENTER R1D 14 PUT TIN IN REA D REQ BUFFER
USE MA CRO DR? 1’4 ,XSRDEZ1 SEARC H A~~D RCA D CACHE

L E A V E  R I D I 4  F R E E  S U F ? R
PINT M ’ICP- O

T R A N S F E R  , S T A R 4  A N E W  U N

5*5 5* * 0*0  *0 0  50  55 5* 0 *  0* S SO

S S

5 DATA IS NOT IN CACHE ~
* S
SS000 00SSS*S00.0*S*55550*

111N14  : ‘ ; TE R  R I D 1 4  PU T IN R E A D  REQ B U F F E R
U S E  M A C O C  -- D R P 1 - o , X 3 E E X  S E A R C h  O1~~E C T O R Y

P R t O ? I T Y  I) R R S E T  ?i~I O R I T Y
SEND MACRO RID1~4, F O K 1  ,LBU S 1,X$DEXM ,B V

T R A N S F E R  •COMR TO COMMON CODE FOB READ

*S**5S0*u500SSqSS

O *
O W R I T E  E E Q J . ~ST T O C A C U 0’
S S -

S O S  SO 55 *5 *4  5 0* 0  5*  *5 5 5*  5 5*

W W R I I  E N T E R  5101 14 PUT T I N  IN WRI TE REQ BUFFER

USE MACRO DRP14 ,X $RDEX 1 W RITE DAT A IN CAC tI!

P R I O R I T Y  0 R E S E T  T E N  P R I O R I T Y

SEND MACRO 51D14 .S0K1 ,LBUS1 ,X SDEX I ,BVSDKS 1

S P L I T  1 , C O M W

PINt MAC RO -

T R A N S F E R  , S T A R 4  A N E W  T E N

5 5* 0*  S O S  *5 0 SS 55 4 5* 5 0  5*0 55

* S
5 CPU *5 *

* *
0 55* 4  5 5 0 0 5 S 0 0 0 0 5 5  S*5050’SS

J

1’fl j ~ ~~
~~~~ 

.L A
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T~
PILE: GPSSSW YS IJOD Dli CONVERSATIONAL IIONITCR SYSTEM

CPUS (ENLRA TE ,,,X$MA XNP ,,.P
STAB S PRIORITY 9 SET HIGH P FOR NEW TIN

2 ARRIVAL TIME
A S S I G N  1 , 5 C P U  ID
T P \ N S~~E R 1 3 \ r E A D . W W W S , R R R S

R R K 5  T R A 1 . S F E I  . x S P ; % l  , N I N 1 S , hl I hl15

5*S15 05* .5*S5SSSI*585—55*

O 0
S DATA IS IN DATA CACHE 0

5 5

•S5 000S.*SI**s0005S0o*sss

B I N  15 E N T E R  R E 0 15 PUT T E N  IN R E A D R E Q  B U F F E R
US! M A C R O  D R r 1 5 .X S R D E X 1  S E A R C H  A N D  R E A D  C A C H E

L E A V E  B I D 1 S  F R E E  B U F F E R
PINT MA C R O

T R A N S F E R  •STAES A NEW TEN

S* **S  *5*5*5*505*0*50*5 5*5
S *
S D A T A  IS HOT I N  C A C H E  S

0 0
S SO 5* 5*0*0* 00 *5 55 S*0 *0 *50

W I N  15 E N T E R  R I D ~~5 PUT I N  R E A D  R E Q  BUFFER
U S E  M O C R O  D R P ~~5, E S R E X  S E A R C H  D I ~:E C T O 8 Y

P R I O R I T Y  0 R E S E T  P R I O R I T Y
SEND M A C R O  R 1 0 1 5 , P . O K 1 , L B Q S 1 , X~~C E X M ,  DV D K R I

T R A N S F E R  ,C O M R  TO C O M M O N  C O D E  FOR R E A D

*S S  *5 5 5* 5 5*  55 5 5*5 5505* 0*5

* *
* W R I T E  R E Q U E S T  TO C A C H E S
0 *
*005 5*5 5 5*500 5  * 55 * * * * 5*5*

WVW5 ENTER SID1S PUT TIN IN WRIT! REQ BUFFER

USE MACRO DRPIS , X$RDEXI WRITE DATA IN CACHE

PRI O RI TY 0 RE SET T E N ORI O R IT Y t
SEND MACRO SIDIS,SOK 1,LBUS1 ,X $BEX 1 ,DV$DKS1

I-
SPLIT 1,COJNW

£1111 MA CRO

T R A N SFER ,STARS A NEW TEN

5 — — - *: CCMMON CODE FOR READ REQUEST /
S
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FILE: 325554 VS1JOS 013 CONVERSATIONAL MONITOR SYSTEM

O 5
• 0

COMR ASSIGN 11 ,0

USE ~ACRO KRP1 .X A K EI

SEND MACRO ROK1 .RI R2,CBUS .XSBEXM ,DY5 XKR~ 2

US! MA CRO NRP2.XRKEX

SEND MACRO RIK2,RIR2,L5US2,X S B E E M , 8V S K R R 2

US! MACRO RRP2 ,X S R E X

TRANSFER •X$21N2 ,NIN 2.RI N 2
~IW2 ASSIGN 11 .0

SEND MACRO RIR2 ,POX2,L D U S 2 , XSSEIM ,BVAUKR 2

OS! MACRO KRP2 .XRKEX

SEND MACRO RGK 2 ,RIKJ ,GBUS ,UBEXM,UVR KKR2D

USE MACRO KRP),X~ K E X

SEND MACRO RIK3 .RI R 3,LBOS3 ,XS8EX~ ,8V $KRR3

USE MACRO RRP3 ,X$REX -

TRANSFER X$PIN3 ,N1213,R111 3
WIN) A SSIGN 11 ,0

SEND MACRO RIR 3 ,R0K3 ,LBU53 ,XSBEXM ,3V$RKR3

USE MACRO KRP3, XAK F .X

SEND M A C R O  R C K 3 ,RIK14,GDUS . XSEEEM,5Y5KXR 34

USE MACRO NRP’I,ISKEX

SE N D MACRO RIK4 , RIR4 , LBUS4,ISBEXM ,BV S KRR 4

USE MACRO RRP14.XS REX

TRA N SFER .R I N I I

5 S

• S
S READ DATA IS FCOND IN L(2) *
O 5

5 — — — — — — —  S

RIN2 TRANS FER .5.RRP.21 ,Rfla22

S

— 113—
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FILE: GPSSSW VSIJOB Dl’r CONVERSATIO NAL MONITOR SYITEM

OS 55 5 *0 5 5* 500* 5 5*5 05 *5
S 5

• DATA IS IN 021 5

* 0

0*5  OS 5* 5 5 0 55  *05  5 5 5  05 0 5* S 0

RBR 21 ASSi GN 11 ,0

SEND MACRO RIR2 .8ID2 1 ,L30S2 ,XSB E X M ,BV S P D R 2 I

USE MAC RO DRP2 I ,X S DEX2

S E N D  MAC R O R I D 2 1 ,T O K 2 , L B O S2,X$DEX 1 , B V S D K T 2

TRANSFER •RTF2

S 5 0 *00  00*  0 8*  0 55 *55 *50  55

S *
O DAT A IS 111 022
0 S

5555. *5 *5 55 55 0 5 5* 5 *8 Se 0 55

BRK22 A SSIGN 11 ,’)

SEND MACRO R122 ,B1D22,LBUS2 ,XSDE X M ,DY SRDR 22

USE M A C R O  0R P22 ,X SD E X 2

SEND MACRO R132 2,TOK2.18US2.XSDEX 1 ,B VAD KT2

T R A N S F E R  ,RTF 2

*5 5  55 SI tS 55 * 5 5 0  5 5*  55 55 5*0

S *
S R!AD—TM? OUGII TO L (1) *
* 5

O SSO S 15S55 05 5 50*555 50*0*5

BTF2 ASSIGN 11 ,0

USE MACRO KRP2 .X$KEX

SE ND MAC RO TOK 2 .TIk1 , G D O S,X$DEX 1 ,D V S R T O K 2

S S
S *
S STORE DATA INTO 1(1) AS R ESULT OP A READ—THROUG H *
S S

S ————— 0

STOR I ASSIGN 11 ,0

USE M A C N O  K f l ? 1 ,X $KEX

SPLIT 1.PN$WICIIW I 1

S
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FILE: 02SS54 YSIJOD 015 CONYZRSATIOWAL MONITOR SYSTEM

TERflIN hT1~ 
-

000*805SS*S * 0 0 5  . SS S * S S S S*

* 8

• PT STORE INTO Dl i *

:55 50 * 5 * 5 5  ..

VWW1I ASS IGN 11 ,0 H

S E N D  MACRO TIK1 ,TID11 ,LBUS 1,XSREX 1,DV $X DT1 1

USE MAC RO DR P11 ,X SDEX 1

TRAN SFER .X$?OV1 ,NOV 1I ,OVLII
NO V 1 1  LEA V E T I D 1 1

P1111 MACRO

TRA NS FER ,STA PI

OVL 11 SPLIT 1.OV F11

P1111 MACRO

T R A N S F E R ,S T A R 1
OYT1I ASSIGN 11 ,0

SEND MACRO TID11 .OOKI ,LBOS 1 ,XSBEXM ,BY$0K01

TRANSFE R •O Y L 1

* S S S S* S 0* S S S S* u  S 0S S S S* * 5 5
S S
O RT STORE INTO D12 *
0 0

0 0 00 0  55 5* S 00 5*  5*5  005  OS *5*

WWW1 2 ASSIGN 11 ,0

SEND MACRO TXX1 ,TI D 12.LDUS 1,X$BEX 1,3V$KDTI2

OS! MA CRO DRPI2 ,XSDEX1

TR ANSFE R .XJPOY 1.N O V 1 2 ,OVL12
NOV12 LEAVE TID12

PINT MAC RO

TR A N S F E R  ,ST A P2

OVLI2 SPLIT 1~ OVP1 2

FIN !  M A C R O

S
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FILE : 095554 VSIJOB D’~ CONVERSATIONAL MONITOR SYSTEM

TRANS FER ,ST A R 2
0VF12 ASSIGN 11 ,0

SEND MACRO TIDI2,00Ki ,LBU$ i,ZSBEX M, BV$DKO1

TRANSFER ,OR1

. SS I S OS S0 5 0 S 0* * 8 0 0 5 0S S S SO

S S

* RT STORE INTO Dl) S

* 8

S SS S SS S* *5 5  S OS * * * S S* S S S 5 S

VWW1 3 ASSIGN 11 ,0

SEND MACR O TIIC 1 ,T I D I 3 ,LBOS1 .XABEX1 ,B V S K D T 13

USE MACRO DRP1 3 ,X I D E X 1

T R A NS F ER • ISP OV 1 ,~1OV 13 ,OVLl3
NOV13 LEAVE TID1)

FINI MACRO

TRA NS FER ,STAR)

0V L 13  SPLIT l ,CYFIJ

PINt MA CRO

T R A N S F E R  • S T A R 3
OVP13 ASSIGN 11 ,0

SEND MACRO TIDI 3,COK 1 • LOUS 1 ,XZBEXM ,BYSD~ O1

Th:ANS?!R ,OVL1

55 5 0 5  5 S S . S S S S S 0 O S S S * . . S 5 O

* *
S PT STORE INTO D14 S

S S
555555055 0000SSSSSSSSSSSO

VWWI4 ASSIGN 11 ,0

SEND MACRO TIK1 ,I I D I W ,L B U S1.X3 BEX 1,BY$KDTIII

USE MACRO DRPIIS ,X$DEX 1

TRA NSFER .XSPOVI , N O Y I A ,OVL III
NOY1II LEAVE TID1W

TI LT M A C R O

TRA NS FER .STARII

— 116 —
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PILE: 3955514 YS1JO B D’7 CONVERSAT1ONP.L MONITOR SISTZM

OVL1W SPLIT 1,OVF IW

FINI MACRO

TRANSF ER •STARW
OV F1W ASSI GN 11 ,0

SEND MACRO T1D14,00K1 ,LBUS1 ,X SB E X M ,DVSDKO I

TR A NSFER ,O V L I

O.* S S* S SS S O S SS 0 * *  S S S5 0 0 SS

5 5
• RT STORE INTO 015 5

* *
85 55 S *SS OS *5 55* 8 5*5 S *5 SS*

VWWIS ASSIGN 11 ,0

SE N D MACR O T I K I ,TID 1S,LBUS1 ,ISBEEI.8V$KDT1 S

US! M ACRO DRPIS ,XADE X 1

T R A N S F E R  • X~ r’OVl , NOV 1S ,OYL15
NOV 15  LE AV E TID 1 5

PIN !  M A C R O

TRANSFER ,ST A R S

0V L 1 5 SPLIT l ,OV P1S

PINt M ACR O

T R A N S F E R  , S T A R 5
oVFl5 ASSIGN 11 ,0

SEND M A C R O  TID1S ,00X1 , L BU5 1 ,XSBEXM,B VSDKO1

TR A NSF E R  •OVL 1

.ts ...s**. 5* 5 e 5 0 0 SS S S I. S5

O 5

O H A N D L E  OV ? P R O M  L(1) S
S S -

*S OS *  055 SO S S 05 5 05 5* 0  0* 500

OVL1 aSSIG N 11 ,0

USE MACR O X R P1 ,XSKE X

SE ND MACRO OOK I,01K2 ,GDUS.X SRE X M ,BV$KKO 12

USE MACRO KRP 2 .XS K EX

S
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F I L E :  09555 4 V S 1J O O  D I R  C O N V E R S A T I O N A L  MON ITOR SYSTEM

S E N D  MACRO 01K2 ,01R2 ,L D U S 2 , X S D E X M , D V $ X R 0 2

USE MACRO RRP2 .X$REX

L E A V E  01B2
T E I M E N A T E

O S
0 S

• READ DATA IS FCUND IN L(3) S
0 S

5 — -.5

R111 3 T R A N S F E R  •5, R R R 3 1 ,B R R 3 2

055 5* 5* 5* *5 * 010 SO *00 *0 * 55

S S

S DATA 15 IN D31 S

S 0
0555  5 555  5*0*  0 0* 5 0  0*5  5* *0*

R P R 3 1  A S S I G N  11 ,0

SEND MACRO RIB),RID31 ,LBUS 3,IS B E X M , BV SR D R 3 1

USE MA CRO DRP)l ,XA D E X 3

SEND MACRO RID31 ,TOK3,LDUS3 ,XZBEX2 ,BVSDKT3

T R A N S F E R  • RTF3

SO * SO SS*  55550 SS *0 00* 55 * 0*
S S -

S DATA IS I~I 032 0
O 0

05 0* 0  505 0555 S0505*SSSSSI*

R R R 3 2  A S S I G N  11 ,0

S E N D  M A C R O  R I R 3 .R 1D 32 . LDUS 3 .X SBEXM . B V S R D R 3 2

US! M A C R O  D R 2 3 2 ,X S D E X 3

SEND MACRO RI D32,T0K3.L D OS3,XSDEX2 .BVS DET 3

T R A N S F E R  , R T P 3

*5 55 S 5*5550 *5 5 5 5 5 *5 5 5*  *55

* 0
O B? TO L ( 1 )  A N D  L ( 2 )  S
5 C
S S O 55 55 55 0* 5* IS OS SOS SO S SO

RT?3 ASSIGN 11 ,0

S
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FILE: G?S SSW YS 1JO D D~, C O N V E R S A T I O N A L  M ONITOR SYSTE M

USE M A C R O  K R P 3 ,X S K E X  
-

?rST E f t v S R T O~~3 , 1
ENTER TLE1
ENTER
S~ t7.E G~ US
A D V A N C E  X~~LI X2
A S S I G N  14~~.XSBEX2ERLEA SE G~ US
LEAVE TO~ 3
S?LIT l ,STOR I
S P L I T  1 ,STCR2
TERMI NA TE

S S

• *S STOR E DATA IN TO L ( 2 )  AS R E S U L T  OF A R E A D — T h R O U G H  *
* *
5— *

STOB2 A S S I G N  11 ,0

U S E  MACP.O NRP2 .X $K E X

SEND MACRO t I K 2 ,TIR 2 1LliU S2 , X SUEX2 , 5~ S~ R.T2

U SE M A C R O  P . R 9 2 .X$R EX

S P L I T  1, O V I I 2
T W A N S F E R  .5 ,Sss2 1 ,s5S22

5 5 0 5 0 5 0  5 0 5 5 5 5 0 55 5 5 0 5 5 0 5 5 5

5 5
O STOP! I N T O  021 S
O 5
05* 05 S O O S S O  555 * 55 * * * S * 55 *

SSS2I ASSIGN 11 ,0

S E N D  M A C R O  T1R2 , TID2 1, LBO S2 ,I58 E12, BVSR DT2 I

USE M A C R O  0 R 9 2 1 ,X S D E X 2

L E A V E  TID2 I
TER M IN A TE

S S S S S O S S 0 5 0 0 S S  S S O S0 0 5 0 0 5*

O S

O ST ORE INTO 022 S

S *
S SS*5 5*5 5* 0*0 05 55*  *0 50 55.

55S22 A S S I GN  11 ,0

• 
c_
)
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PILE:  095554 VS IJ OB 020 C O N V E R S A T I O N A L  M ONITOR SY ST E M

S E N D  MACRO T 1 0 2 , T 1D 2 2 . L 3U S 2 , X $ B L X 2 , D V Z P D T 2 2

U SE M A C R O  0R 92 2 , X S D E X 2

lEAV E T1D22
TERMINATE

• S O S * S * O S S 5 5 0 0S * O S S S S SS S*

* 0

• OVERFLOW HANDLING *
* 0 -

S O* 0 S• 5 * O S S 5 0 0* 5 0 0 s 0 0 0 0* 0

0V fl2  T R A N S F E R  •X 5 P 0 V 2 , NOY L 2 ,0VL2
OVL2 TEST E BVS KO2,1

E N T E R  00K2
SE I Z E  LBU. 2
ADVANCE XS~ EXM
ASSIGN 4* ,X$~ EXM
RELE ASE LB JS 2

SEND MACR O OOK2 ,01K3,GDUS,XSBEXM .0v51uc023

USE M A C R O  K R P 3 , X S N E X

SEND M ACRO OI K 3 , 0 1 R 3 , L D U S3 , X $ B E X M , DV SXRO 3

USE MA CP. O E R P 3 , X R R E X

L E A V E  0IR3
NOV 1 2 T E R M I N A T E

S S

5 *
• READ DA T A  IS POUND IN 1 (p4) S

* 0 
— 

R IN I A T R A N S F E R  •5 , R R R 4 1 ,R R R I A 2

5 *5 0* 00 05 5* 0  5* * *5 *0  50* SS*

* 5 -

* DATA IS IN D41 S
* 5
50* 5* *5 50 55 55 *5 SO 550 55 55*

RRR UI ASSIGN 11 ,0

SEND MACRO PIP.4 , R I D 1 4 1, LDUS4 , X S C E X h I , B V S E D R U 1

• USE M A C R O  D R P 4 I 9 X S D E X 4

SEND M A C R O  RID 4 1,TO~~’1,LDUS ’I , X $ B E X 3 ,D VS DXT4

T R A N S F E R  , $T T4
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PILE:  GPSS54 V S I J O B  D 2 :  C O N V E R S A T I O N A L  MONITO R S Y S T E M

SSSO.0.*S .5 0*SS*SSS*00000

S S

~ DATA IS IN 042 0
5 *

0050S.SS*5* 5*SS*O*S0***S* -

R R R 4 2  ASSIG N 11 ,0

SEND MACRO RIR14.R1D42,LI1US4,X$BEIM , B Y S R D R V 2

U S E  M A C R O  0R242,XSDZX4

S E ND M A C R O  R ID~~2, TOK14 ,L B U S 4 , TS 8EX 3 .0V$ DK?4
• TR ANSF ER •RTF4

O 55 055 05 SSS SO OS 05 55*  0* 5 50

0 *
S RT TO 1(1) •L(2) .1(3) 0

* S
SS 55 5 *5 5  0* 5  0 050 55 5* 5  5 5 5  *5

RTF4 ASSIGN 11 ,1)

U SE M A C R O  R R P ’I ,X S K E X

E BV $RTOK’e ,1
E N T E R  T I K 1
ENTER TIK2

TIN)
S E I Z E  G~3uS -

A~ V A f l CE X~~3FX 3
A S S I G N
RELEASE G~jUS
LEA V E TCN 4
SPLIT  1,STOR 1
SPLIT  1,STCR2
S P L I T  1,STCR 3
T E R N  I NA TE

S 0
S *
O ST ORE ~ NT~ L (3) AS A R E S U L T  OF READ—THROUGH *
* 5

ASS I GN 11 ,0 

OS! MACRO K R ? 3 , X S N E X

S E N D  M A C R O  TIK3 ,TIH 3 ,LBUS3 ,118EX3 , D V S K E T 3

USE MAC R O RR?3 , ISRE Z

S
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FILE:  G?5S54 VS1J OO D2 2 C O N V E R S A T I O N A L  MONITOR S Y S T E M

SPLIT 1,0 V l i 3
• T R A N S F E R  .5, SSS3 1 , sSS32

SSSS*  0*00  50 ISIS 50 * *5 55 5*5
5 S

~ STORE I N TO 03 1 5

* S
5S5 55 SSS S OS OS S 0 OS 5* *50550

5$S31 ASSIGN 11 ,0

SE ND MA CRO T I R 3 .TID3 1,L8U53,XSB EX3 ,BV$RDT3 1

U S E  M A C R O  D R P 3 1 ,X SDE X 3

L E A V E T I D 3 1 
TERM INATE

S *5 5* *5*  *5 5  0 . 5  0 *5 S 55 5* 0 05

O 5

S STORE INTO 032
O 0
*00*0  *5 5*5*  5* 05  5* S OS *5 5 50

SSS32 ASSIGN 11 ,0

SEND MACRO rIB 3~ TID32,LDUS 3,XS3ZX3,3VSRDT3 2

USE MA CRO DRP32 ,X AD EX 3

L E A VE T I D 3 2
TERMINATE

*5*50 550 5 5 5  5 *0 5  5* 0* 0  5*0  5*
O I
5 OVE R F L O W  H A N D L I NG S

• 0
505* 0*00 SSSS *00*5 *55 *5* 50

OY H 3 T R A N S F E R  • X S P C V 3 .N O V L 3,OVL3
OVL 3 T E ST 2 O V ~~- N O) , 1

ENTER OC K3
SEIZE 13053
ADVA N CE XSBEXM
ASS I G N  ~ o .X $ D E X M
R E L E A S E  1505)

S E N D  E A C R O  00K 3 ,01N4 ,G OU S ,X S!E X N , B VS KN O3 4

USE MACRO EUP4R ,X $PEX

SEND M A C R O  O I K 4 ,OIP.4 , L D US 4 ,X$D E X M , D V $ X R O 4

OS! M A C R O  RRP ’e , X R R E X
L E A V E  OIR ’I

S
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FILE: GPSSS~I VS 1JO D 323 CONVERSATIONAL MONITOR SYSTEM

K O Y t  TER M I NAT E -

5 — — — — —  — *
S S

~ COMMON CODE FOR STORE—OEH IND *: 
COMU ASSIGN 11 ,0

USE MACRO ICRP1 ,X$KEX

SEND MAC RO SOK1 ,SI K 2 , GDUS,XZBEX1 ,BV$KK 512

OS! M A C R O  K 5 2 2 , X S K E X

ERD MACRO S1K2,~~I R 2, L3US2,X$BEX 1,SVSNRS2

USE M A C R O  R R P2 .X S R E X

TRANSFER .5,SWS21 ,SWS22

S5 5 5 0 0 0 1 0 0 0 5 0 0 5 0S0 0 0 0 5 0 0 0

5 *
S SR WR ITE IN TO D 2 1
S S
l 5* 5 5 5 0 0 5 0 5 5* S S0 5 5 S SS * * S O

SVS2 1 A S S I G N  11 ,0

SEND MACRO SIr~2,SID21 ,LDUS2 ,X$RE x 1 ,DVSR DS2 1

USE MACRO DRP2I ,X$DE X2

SEND MA CRO 51D2 1 ,SOK2 .LSUS2.X$8E12,SVSDKS2

S P L I T  1 ,ST323
E N T E R  A O X 2
TRANSFE R ,ACX 2 1

*S S 5 5 S S S* 5* *5 * *~~ 0~~ S SS 5 SS5

5 *
• SB W R I T E  IN TO 022 0

* *
0 5 5  55  S O S  SO 05 05 5 00 *5 0*5  *5*

SW S2 2 ASSIG N 11 ,0

SE N D MACRO SIR2 ,S1D22,13U52,X$BEXI ,BV$R 0S22

OS! M A C R O  D R P 2 2 , X S D E X 2

S E N D  MACRO 51D22 , 50K2 , LDIJ S2 , X 5aE1 2 , aV$ 0k S2

SPLIT 1,STD23

S
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FILE:  1 L S 5 5 4  V S 1 J O B  02-4 CONVER SATIONAL MONITOR SYSTE M

E N T E R
TRANS FkR ,ACN21

• 

* S

* STORE— DEHIND TO 1(3) *

* S

* *
STB23 ASSIGN 11 ,0

USE MACRO KRP2 ,X~~NEX

S E N D  M ACRO 50K2 ,S I K 3 , G B U S , X S B ! X 2 , B V S K K S 2 3

U SE M A C R O  K R P 3 ,X S- ( EX

S E N D  M A C R O  S I K 3 , 51R3 .LBUS3 , X S B E X 2 ,BV $KRSI

U S E  MAC R O ER23 ,X$IiEX

TRANSFER •5,S N S 3 1 .SW53 2

S 00 * S 5* OS 0* 5  *5  5 5*  50*  *50 50

* S

* SD W R I T E  IN T O  D)1 S -
S *
SOS  SI 5* 0 5  SO SaSS *55*5 55 0*5

SWS 3I ASSIGN 11 ,0

SEND MACRO SIR3.SID)t , L D tIS3.X S B E X 2 , 8V3R0S31

U SE M A C R O  0 R P 3 1 , X S B E X 3

SEND MACRO SID31 .SOK3 , 10053, X531X3 ,3V50K53

SPLI T 1 ,STM3W
ENTER A O K3
T R A N S F E R  ,A C K 3 2

505 0550S0055OS*SS*S.S*SI*

O 5

S SB W R I T E  INTO 032 *
5 5

555  00 0101 OS SO *5 0* 5 5 5  S O S  00

SWS32 ASSIGN 11 ,0

SEND MACRO SIB3.S1332 , L D U S3, X i lE I2,SVSRDS32

U S E  MACRO D R P 3 2 , X S D E X 3

S E N D  M A C R O  SI032 , SOK 3 , L B U S 3 ,X S D E Z 3 , BV 3D~ S3

S
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FILE: GP555 14 VS 1J OD D 2 c  C O N V E R S A T I O N A L  MON ITOR S Y S T E M

S P L I T  1,5 T R 3 4
E N T E R  A 0 K 3
T R A N S F E R  ,ACK)2

5— — — — —  S
O 0

• STORE—DEHIND TO 1(4) o
O S
O — 0

STR3W ASSIG N 11 ,0

USE M A C R O  K R P 3 , X SKEI

SEND M A C R O  SOK) ,S I K 4 , GDUS , X S D E X J , 3V $ K KS 34

USE MACRO NRP ts ,X SKE X

SE N D MACRO SIK4 .51R 4 ,LflUS4.x $BEII ,BV SKRS4

USE MACRO RRP4 ,XSREX

TRAN SFER .S,5WS~~1 ,5ws42

505 0 5 5 5 0S0 0 5 0S S0 5 0 5S5 0 5 5 0

S 0
S SB WRITE INTO D41 *
S S

05* 0 0 0*00  55 0* 0 0  OS 0* 0  *0 0*0

5W54 I ASSIGN 11 ,0 
-

SEND MACRO SIR4 ,SID41 .LRUS~4,X5UEX3 ,a~ RECS4 1

USE MACRO DR?~ 1 .X5DE14

SEND MACRO SID41 ,AON4 , L 5 U 5~ ,X$5E1M, D V SD K A4

TRANSFER •ACK W)

OS 5 00 05 0 0 0 0  S 0805*  ‘ISO SO 500

S 5

S SB W R I T E  INTO 04 2 *
O 0

SSS OS S OS  *0 5 5  5*555 05* 5*0 55

S V S W 2  A S S I G N  11 , 0

S E N D  M A C R O  SIP4 , SI D 4 2 , L B U S 4 , X S B E X 3 , D V R R D S L 2

US! MACRO 0P942,XSDEXW

SE ND MACRO S1042,AOK4,LBUS4 , XS B E X M , B VS0K A W

T RAN SFER ,AC X 43

S
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T ILE:  GPSSS4 V S I J O D  D1.~ C O N V E R S A T I O N A L  MONiTOR SYSTEM

• S
O S
O ACN PRO M L(4) TO 1(3) *
5 *

* S

A CR4 3 3 A S S I G N  11 ,0

USE MACRO KRP q .X$KEX

SEND MACRO AON ’~,A IK3 ,G3US ,XS5E X M ,3V$KKA43

USE MACRO KRP3.X$KEX

SEND M A C R O  A I K 3 , A I R 3 ,  L 8U 5 3 , X $U E X M , B V S N R A 3

US E M A C R O  R P 2 3 , X $ R E X

* S S S IS O S S 0 5 5 0 0S S SS * S 5 0 5 5 0

• 5
• FORWA RD TIlE ACK UP 0

* *
I *S5S* 5 0 5 0 5 5 0 0 5 0 0 5 5 5 0 5**0

• S E N D  M A C R O  A I R 3 , A O K 3 , L D U S 3 , X S S E X M ,D V $ R K A 3

U S E M A C R O  N R P 3 , X S K E X

• S E N D  M A C R O  AO hc 3,A1X 2 ,GSUS , XSDEXM ,D V S KK A 3 2

US E M A C R O  K R P 2 . X S K E X

S E N D  M A C R O  A I K 2 , AI R 2 , LDU S2 ,  X$DEXM ,3V S K R  k2

U S E  M A C R O  R P - P2 , X S R E I

LEAVE A18 2
T E R N I NAT !

•   S

* 5
S ACIC F R O M 1( 3)  TO 1 (2 )  S
S *
S  S

£Cx 32 A S S I G N  11 , 0

USE M A C R O  ~R P 3 , X 3 K E X

S END M A C R O  A O M 3 ,A 1k2 , GD U S ,XSD! X 5 .  B Y $ X K A 3 2

USE M A C R O  K R P 2 , X S K E X

S E N D  MACRO A I K 2 ,A I R 2 ,LB US2 , X S B E X M ,DV S K R A 2

S
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F~~LE : GPSS54 Y S I J O B  D l i  C O N V E R S A T I O N A L  MONITOR S Y S T E M

USE MAC N O R R P 2 ,A$ R EX

S E N D  MACRO A 1 R 2 ,A 0K 2, 18U52, X $ f l !IM ,B V S R K A 2

T R A N S F E R  , A C X 2 1

S S

* S
O AC M FROM 1 ( 2 )  TO L (1) S

* *
5 S

A C K 2 1  A SSI~3N 11 ,3

USE M A C R O  RR?2, X S K EX

S E N D  M A C R O  A o K 2 ,A IK I .GaUS .x$BEIM. Bv S K K A 2 1

US! M A C R O  K R ? 1 , Z A E E X

SPLIT 1.FNSWI CHA ,1
TER M I N ATE

00 .0* 000 0* 0  O S I 5 0 0 0 0 5 5 0 5 5 5

O S
0 AC M I I A N D L A D  BY 01 1 S

O 0
S O S  0* 1000  5* 0  500 00000 50 5 55

A A A 11 ASSIGN 11 ,0

S E N D  MAC RO A I X 1 ,A I D I 1 , L D U S 1 , X $B E X $ ,BV S K D A 1 1

US! MACRO DRP11 ,XSREX

L E A V E  AI ~~11
T E R M I N A T E

55 5 5* 5 50 5 5 5  * 5 0 5 0 5* S S 0 0 5 5 0

* 0
O ACE HA N D L E D  BY 0 12 5
S S
O5 0 0 5 I 5 5 5S S OSS5 0 1S* IO S SS S

A A A 12  A S S I G N  11 ,0

SEE D MA CRO A IK 1 ,AIDI2, LD U S I.X$BEXM.BV SX DA 1 2

US ! M A CRO D R P 1 2 ,X SREX

LEA V E A IDI2
T E R M I N A T E

S S0 0 0  055  055  S *5 0  05 555 SOS 55

S

-S.

— 127—

- - - - — — ‘ 1  

~~- - -~~~~~ - -~~~- - •~~~~~~~~- .— - -~ -- - - - —~~~~~-— — - - ~~~~~-—



FILE: G?SSS4 VS1 JO R D 2 ~ CO N Y ERSATZ O NAL MONITO R SY STE M

5 *
* AC E H A N D L E D  DY 013 *
5 *
* S S S SS S S* S S S 0 0 5 v OS S * *s  5*0

AAA 1 3 A S S I G N  11 ,0

SEN D MACRO A I K 1 ,A I D 1 3 , L N U S 1, X S B Z X M , B V $ K D A I 3

U S! M A C R O  38P 13 , X $ R E X

L E A V E A I D 1 3
T E R M I N A T E

F 5 0 5 5 0 0 5 5 5 5 0* S S 0 5 5S S S S*  S O S

* *
0 ACM H AN D L E D  D Y D 1~4 S

0 0

500 OS050SSS*SSSSSS55055SO

A AAIW ASSIGN 11 ,0

SEND M A C R O  A I M  1 ,A1014 ,LBU S 1,X $ B E Z M ,B V S K D A I  4

USE M A C R O  D~~P 14 , I $ R E X

L E A V E  A1014
T E R M I N A T E

S 5 0 0 0 0 0 5S 0 5 5 5 5 5 5 0 5 5O 5 0 1 0*
• S S

S AC M H A N D L E D  NY D 15 5

* 8
0 0 5 5 S* S S S* *S 5 5 5 0 0 0 0 5* S 5 0 0

AA A 1S ASSIGN 11 .0

SEND M AC R O A I K 1 ,AID 1S.LRUS 1,X$BEXM ,BV I M OA IS

USE M A C R O  D R P 1 S, X 4 R E X

L E A V E  A I D 1 S
TERMINATE

S 

* - *
S SIMULATION CONTROL S

: 
G EN ERATE YSTIMER

L T~~ M INA TE 1
S T A R T  1
END

S
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