5. ROMAN ARCHITECTURE

The Etruscans brought the Eastern culture, including Greek, from Asia Minor to Italy. In the late 6th century BC the Romans drove away the Etruscans and systematically destroyed their architecture. The Etruscan temples adapted a variation of Greek orders. The columns were much simplified, the shaft was not fluted. The columns were widely spaced so that attention was drawn away from the colonnade to the interior. The arrangement was mostly prostyle with triple cella and walls exposed on 3 sides. Large overhangs protected the fragile cella walls.

Rome had revolted against the Etruscans in 510 BC and had taken over the whole of central and south Italy by 273 BC. War with Carthage began in 264 BC with the annexation of Sicily and ended in 146 BC after Rome sacked Carthage and made it its province in Africa. Continuous wars and conquests forced the citizen army to be converted into a professional army. Julius Caesar (49-44 BC) set up a military dictatorship. After his death efforts were made to revive the republican government but the rebellion was crushed by the triumvirate of Marcus Antonius, Caius Octavius and Marcus Aemilius. Octavius defeated Antonius at Actium in 31 BC and became ruler of Egypt also. A period of Pax Romana prevailed under Octavius (27 BC – 14 AD) who took the title of Augustus. A great building period began and continued under his successors Tiberius, Caligula, Claudius and Nero.

After Nero’s suicide in 68 AD Vespasian founded the Flavian dynasty which ruled till 96 AD. Thereafter a series of emperors were appointed by the Senate. The rule of Trajan (98-117) and Hadrian (117-138) could be considered significant after that of Augustus. Stability was once more brought to the empire which led to a burst of architectural activity. By the third century barbarians raided the empire and civil war followed. Economic difficulties of retaining large armies further weakened the powers of Rome. A series of dictatorial emperors led to further deterioration of social and economic life until in 324-337 AD Constantine became the sole emperor. He divided the empire into 4 prefectures, recognized and favored Christianity and chose to rule from the east from Byzantium. Byzantium was inaugurated as the new Rome in 330 AD and later came to be referred to as Constantinopole. 

In early 6th century, Justinian (527-65), the greatest Byzantine emperor sought to reunify the whole empire and succeeded in winning back the whole of North Africa, southern Spain and Italy. The economic loss due to the prolonged fighting and serious outbreaks of bubonic plague caused his successors to retreat to the east and consolidate their eastern empire.

While Constantinopole flourished, Rome and its provinces disintegrated due to the constant attacks by barbarians. The western empire more or less ended with the sacking of Rome in 455 and 476 AD. Despite pressure from Islam and reduction of its empire, the Byzantium empire managed to survive until it succumbed to the Ottoman empire in 1453.   

Roman architecture borrowed from the Greeks, especially from the Hellenistic period. Greek elements and proportions were wedded to the Roman sense of structure and space and new appreciation of light, color and decoration was achieved. Yet Roman contribution to architecture was also significant. It gave new aesthetics, new materials and building techniques, new building programs to meet the needs of the emperor and society and infrastructure such as roads, aqueducts and ports.

The Greeks used limestone and sometimes marble, the Egyptians sun-dried bricks and large stones. For the Romans their building materials were as diverse as their empire. They used solid building stones, imported marble and other stones, perfected brick making and most importantly, developed concrete, a material without which Rome would not have achieved its grandeur.

The Romans employed materials, especially concrete, to erect massive walls and great vaults to enclose large spaces. To them the space was as important as the supporting mass. The earlier Egyptian and Greek architecture gave prominence to mass over voids which served little more than a series of intervals between masses. In Roman architecture space took a life, expanded, pressed against and into vaults and enclosing walls. Space became shaped by vaults, arches and walls for the purpose of ordered activities.

The Romans were conditioned to the belief that Greek architecture was monumental architecture and continued to build their monumental buildings in the Greek trabeated style. The raw structure of the Hellenistic components were covered in sculpted forms, inlays of multicolored stones or mosaic of glass and stones. After the end of the Republic in 23 BC, ostentation became the fashion among the emperors and wealthy people. The Romans applied axiality and symmetry in their buildings. Layouts were such that people’s movement and perception of buildings was controlled, a reflection of the Roman mentality and political system.

The main structural element of the Romans was the arch, vault and concrete. Earlier, Egyptians and Mesopotamians had used primitive arch forms. The Greeks had experimented with the arch and concrete and the Etruscans had used simple vaults. But the Romans were able to fully exploit the inherent potentialities of these forms. Their major contribution to the development of the arch and the barrel vault was to support them on free standing piers.

The earlier trabeated system was greatly limited by the depth of the stone blocks required to resist the tensile stress of the span. Stone lintels of more than 15 ft. was rare. The arch had no tensile stresses, only compression, and spans of 60 ft. were not uncommon. The span was limited only by the strength of the centering and ability to construct. The Romans built relieving arches over opening and even employed the flat arch.

The barrel vault, an extension of the arch, had problems of thrust at the support and lack of openings. This was resolved by the cross vault i.e. two intersecting barrel vaults at right angles connected at the groin vault. The Romans used cross vaults on a great scale and grandeur in almost all their monumental buildings. They also used the hemispherical dome which was an arch rotated 360° and requiring a single key stone at the crown. The voussoirs of a dome are trapezoidal in 3 dimension rather than 2 as in an arch. But domes were built layer by layer and each ring when completed was self-supporting, a kind of horizontal circular arch.

The arch was one of man’s great discoveries, just like the wheel. It allowed architects to span gaps with economy and strength and enclose huge spaces. Till the advent of modern building technology, the highest technical skill of the architectural craft was building arches and vaults.

Arch building by the Romans was further improved and made easier by the use of concrete. Roman concrete was a mixture of lime, sand, water and aggregate which was known since the 4th century BC. After the 2nd century BC they learned how to use pozzolana, a local volcanic ash, which provided a mortar of tremendous strength. The concrete surface was not visually presentable so the Romans used various types of facing which also acted as a formwork for the concrete: random shaped stones, four sided pyramidal spikes, most commonly bricks or a decorative pattern of stone and bricks. What is surprising is these facings were again covered by plaster or in monumental interiors by fresco, stone or marble veneer or by abstract and figured stone inlays.

It took the Romans several centuries to perfect the art of building in concrete but they had perfected it by second half of the 1st century AD. Despite the versatility of concrete, Romans continued to build with stone voussoirs where stone masonry was strong (Syria); used the orders as veneers in their newer bolder forms and also built in trabeated structure for monumental works, especially in the traditional types such as temples and basilicas. This was quite surprising.

The arcuated construction technology was used to great effect by the Romans in other spectacular engineering works. Great demand for water in the cities was fulfilled by carrying water over many miles from the hills to the cities over tunnels and aqueducts spanning river valleys. Bridges over rivers and underground sewers were also built on arches.

Temples

The Romans were quite religious and temple building was continuous and often on a grand scale. The temple was the most Greek of the Roman architecture but lacked the sculptural brilliance or optical refinements. Nonetheless, the Roman temple tended to resist Hellenization and tried to remain faithful to its Etruscan roots. This is evidenced by the high podium with frontal staircases and the large and deep portico at the entrance to the temple. The platform often had projecting wings on either side of the stairs to house statues. Half columns were also used on the sides and pediments were sometimes projected.

The early Roman temples were copies of the Etruscans which in turn were influenced by Greek temple design: axial plan, triple cella, low silhouette, deep porch, widely spaced columns, high podium with frontal flight of steps. However, significant differences existed with the Doric temples.

a. The temple was set at the back of the enclosure facing the entrance. The rear wall was blank and an open air altar was placed along the axis in front of the temple.

b. The axiality was given greater emphasis by raising the building on a podium much higher in scale than the Greek stylobate. Steps were provided only in the front.

c. Columns were used only in the front to support the porch. Sometimes they were used on the sides but never placed all around the building as in Greek temples.

d. The cella was a simple rectangular room although triple cellas were common. The proportions were much lower than in the Greek temples.

The difference in character and proportion from Greek temples could be attributed to the use of timber, mud bricks and terracota in place of marble or other stones. Timber columns and beams allowed wider placement of columns while mud brick walls demanded wide roof overhangs for protection from rain.

The Capitoline Temple, Rome, also called the temple of Jupiter Optimus Maximus, built at the end of 6th century BC, had three cellas dedicated to Jupiter, Juno and Minerva and was the largest known Etruscan temple. It was about 62 m long and 53 m wide raised on a stone podium 4 m high. It had three rows of 6 columns each to support the roof of the porch whose depth was equal to that of the cella. The columns continued alongside the cella walls. The temple was burnt in 83 BC and rebuilt in the same plan except that the timber columns were replaced by marble columns which were probably taller than the original columns.

One of the earliest examples of Roman Doric temples is the Temple of Hercules, Cori (late 2nd century BC). It was small in scale and had a single cella preceded by a deep porch with four columns across the front and two additional columns at the sides. The columns were slender and did not match Greek proportions. It was raised on a high platform. Of similar period and design is the temple of Fortuna Virilis, except that the columns were of the Ionic order and half columns were attached to the outer sides of the cella walls.

Under Augustus temples were built of marble and closely adhered to the Greek details. The most famous example is the Maison Carree in Nimes built in 20 BC in Corinthian order. In both Fortuna Virilis and Maison Carree the cella was expanded laterally to the very edge of the temple plan with a row of half-columns attached to the sidewalls. The arrangement came to be known as pseudoperipteral. Many temples were also constructed in octastyle peripteral form and raised on high podiums. One of the most powerful was the temple of Mars Ultor in the Forum of Augustus in Rome. 

The remodelling of an earlier sanctuary into the temple of Jupiter at Baalbek, Lebanon, in mid 1st century AD made it one of the biggest Roman temples. It was 88m by 48 m but was smaller than some of the largest Greek temples. The column height was 20 m while the height from the base of the podium to the top of the pediment was 40 m. It had a Greek peripteral plan but a strong Roman character. There were two rows of 19 columns on the sides and a deep porch with 10 columns wide and 3 deep. 

The temple of Venus and Rome was an unusual building built by Emperor Hadrian in 135 AD. Fire destroyed the roof in AD 283 and was rebuilt by Maxentius who retained the original plan. There were twin cellas back to back measuring 70 ft. square with coffered apse at the centre. The cella roof was constructed of coffered barrel vault.

Some Roman temples were placed at the end of forums while others had their own sanctuary precincts. One of the finest examples of the latter types is the sanctuary of Fortuna Primigenea, Italy, built in 80 BC which was a grand temple design rivaling the temple of Hatshepsut. Long ramps led from two sides to the centre from which a central staircase led to various levels of terraces. The planning was axial with porticoed shops at lower levels, large piazza enclosed on the sides and back. Behind the piazza was a semi-circular seating leading to a semi-circular portico and the round temple at the back.

The Pantheon of Rome dedicated to the pantheon of Olympian gods was the greatest of Roman buildings. It was built by Hadrian between AD 118 and 128. It consisted of three parts: the huge domed cella, a deep octastyle Corinthian porch and a block-like intermediate structure. The round shape of the Pantheon instead of the rectangular cella of traditional temples tends to suggest that construction of the temple was not only for religious purpose but was also a political and personal statement. Nothing is known of the temple ritual except that the building was adorned with numerous statues.

The portico has 8 columns across and is 3 columns deep. The columns are unfluted and monolithic with Corinthian capitals rising to a height of 14 m. The column size reduces from a base diameter of 1.5 m to 1.3 m at the top. The entablature has an inscription attributing the construction to Agrippa whose earlier was burnt in 80 AD. The pediment may have had a bronze eagle. At the rear, on either side of the entrance, were two deep niches to hold the statues of Augustus and Agrippa.

The walls of the rotunda, rising to three storeys, were constructed of brick faced concrete, separated by stone cornices. In the interior, the drum was divided into two storeys only corresponding to the outer two storeys, while the dome sprang from the second storey leaving a hollow circular space between the dome and the outer wall. 

The visitor is unprepared for the overwhelming sense of the interior as he enters the porch and door. The cella is 142 ft. in diameter and 142 ft. in height. The cylindrical base rises halfway to the height and consists of 8 widely spaced huge piers with 8 niches in between, one forming the entrance and the others holding statues of gods. The niches serve to introduce the image of the octagon into the cylinder. The entry niche has a barrel vault while the opposite niche is a cupola. The niches on the sides are alternately rectangular and circular with Corinthian columns and pilasters. The upper level is of a different scale, proportion and form giving a vitality to the cylinder. The ceiling is formed of 5 rows of diminishing coffers going up to two-thirds of the height. Light enters through an unglazed opening in the centre of the dome. The influence of the Pantheon was to be seen later in European architecture in the St. Peter’s dome and many Baroque and Neo-classical buildings.

Theatres, Arenas, Circuses

Unlike the Greek theatre which was part of the landscape and set along the slopes, the Romans borrowed the Greek idea and constructed the theatre on the principle of arches. The sloped seating was supported on a series of radiating inclined barrel vaults which in turn were supported on a grid of radiating piers. The exterior was seen as a layer of arches with Greek orders attached to the piers: Doric on the ground floor, Ionic on the first floor and possibly Corinthian on the top floor. Ingenious passageways and staircases led to the audience seating. Cross vaults at various levels provided interlocking supports.  

The amphitheater for the gladiatorial games was atypical Roman construction, resisted by the Greeks to the end. The first permanent structures were built in 80 BC in Pompeii and spread throughout the empire except Greece. The Pompeii amphitheater was 350 ft. by 500 ft. and could hold more than 20,000 spectators. The inner ring was supported by massive concrete retaining walls. Access to the seating area was through pairs of external staircases leading up over the top of the gallery.

The later amphitheaters were much more mature structurally, borrowing from the structural form of the theatres. The Colosseum in Rome (named after the colossal statue of Nero nearby) was the grandest and technically the most perfect structure. It was oval in shape, 616 ft. by 510 ft. on the exterior and the gladiatorial arena was 280 ft. by a 175 ft. Beneath the arena was a system of tunnels, chambers, mechanical devices and dens for animals. For mock naval battles it could even be flooded with water. The seating was for 50,000 spectators. The colosseum was an ellipse divided radially into 80 wedge shaped sections and five concentric rings of piers supporting inclined vaults, cross vaults and arches. The arcaded exterior had piers with attached half columns of Doric, Ionic and Corinthian order along with their entablature while the uppermost portion had shallow Corinthian pilasters.

A major design concern in the Colosseum was the problem of access and crowd control. Radial ramps and staircases gave access to circumferential passageways. The exterior had three tiers of arcades which corresponded to the inner radiating walls. Double ambulatories were carried on all three floors from which access to the first two tiers of seating was possible. Staircases from the top ambulatory gave access to a third tier of seating, separated from the seats below by a high encircling wall. The structure was set on a 12 m deep foundation of mass concrete. The piers, arcades and radial walls of the lower two levels were built of travertine stone while brick-faced concrete was used for the vaults and upper walls.  

The circus or the stadium was another structure which was found in almost every city. It was designed for chariot racing and consisted of a straight racing course divided at the center by a low wall interspersed with obelisks. One end was rounded for turning the chariots. The Circus Maximus of Rome was one of the largest and was rebuilt and restored a number of times between the 1st and 3rd century AD. It measured 2000 ft. in length, 650 ft. in width and could hold 250,000 spectators. Its structure was the same as that of the theatre and amphitheater with the same trabeated exteriors.

Bathing was a very important Roman ritual. The baths were designed with a tepidarium, a moderately warm room, a caldarium, a hot room and even a laconicum or steam room. For a cold bath the frigidarium was provided. Attendant rooms for disrobing, oiling, rubbing off and exercising were attached. Underground furnaces, boilers, piping and outlets led hot water and steam to the different rooms as required. The baths were often of symmetrical mirror design which allowed separation of male and female sections as in the baths at Pompeii.

The thermae of Caracalla, Rome (AD 212-216) gives a good idea of a fully developed Imperial bath. The complex was set within a large landscaped park and was surrounded by shops and pavilions for various uses. The bath complex was of symmetrical design 225 m x 115 m. Along the central axis was located the swimming pool (natatio) followed by the frigidarium, tepidarium and the circular domed caldarium.

Basilica

Basilicas were Roman creations which effected the design of later churches. The basilica, like the Greek stoa, provided shelter to the people to conduct business affairs. The magistrate who held court in the open often moved into the “tribunal” areas set aside for them inside the basilica, generally in the apse opposite to the entrance. The basilicas consisted of a large central open space surrounded by Corinthian columns with a continuous aisle around it. Entrance was usually from the shorter side attached to the forum. Light was obtained from windows on the upper story of the aisle. The entire structure was covered by a truss timber roof. 

The Basilica Pompeii (2nd century BC) was placed transversely to one side of the forum on the end opposite from the temple of Jupiter. It was a rectangular hall 62 m by 25 m without any apse but a projecting tribune at the far end. A single order of tall Ionic columns ran around the inside of the hall which supported a timber roof. An open colonnade at the end adjoining the forum provided linkage with the court. 

The Basilica of Trajan also known as the Basilica Ulpea (AD 100-112) was one of the largest such structure set across the full width of Trajan’s forum 120 m wide. A huge rectangular nave 25 m wide was surrounded on all sides by a double colonnade. There probably was a gallery on the upper floor with timber truss roof. Semi-circular apses were provided at both ends of the hall.

Forum

The Roman forum was a descendent of the Greek agora. However, there were obvious differences. The agora was loosely designed without axiality, never dominated by any building. The temple, also important to the Greeks, was set aside slightly so as not to mix it with the everyday affairs of life. The forum on the other hand had a strong sense of axial organization and insistence on total enclosure in order to bring about greater control on public space. The enclosure of space also helped to shield the undesirable surrounding elements and bring about uniform order. Ideally a temple was placed at one end of the narrow portion of the forum as a dominating element of the square while the basilica was placed transversely at the other end. The forum had around it other civic buildings such as the comitium (political assembly), curia (meeting of municipal council) etc. The macellum, a courtyard lined with shops selling meat and vegetables, was externalized from the forum, unlike the shops in the Greek stoas which were an integral part of the agora. A public bath and a theatre was located nearby.

The Imperial Forums of Rome consisted of 5 forums each with its attendant buildings. The 

last and the grandest forum is that of Trajan. It began with Julius Caesar constructing a new forum because of his desire to bring order to the old forum. This set a precedent and each successive emperor built newer and much grander forums.

Dwelling

The dwellings differed according to the economic status of the people. Make-shift quarters were set up above shops for the poor. Multi-storied tenements of poor construction housed the poor, some up to 100 ft. high. Romans practiced social gradation. The less desirable cramped upper floors were let out to the poor while the more spacious lower floors served as middle class apartments which had more ventilation, balconies etc. Even luxury condominiums existed for the upper middle class. Those who could afford it had a house or domus. Size and luxury differed according to wealth. The house in Rome was inward looking with a blank wall to the street unless there were shops. It was rectangle to fit into the rectangular blocks of a densely populated city and sometimes was two storied. A small doorway between shops led to a small vestibule which in turn led to an atrium, the principle space of the house. The planning was rigid and axial. The atrium was open to the sky with a sunken area to collect rain water. Different rooms were lighted from and set around the atrium.

The house of Pansa, Pompeii (2nd century BC) was a fully developed family mansion. It was surrounded on the street sides with shops. The house consisted mainly of two parts: the atrium and the peristyle. The addition of the peristyle was common from the 2nd century onwards. The rooms around the atrium were for formal and normal usage while the rooms around the peristyle were for private use. Light to the rooms was provided through doors facing the atrium or the peristyle. An open living room was set between the atrium and the peristyle while the kitchen had access to a side street.

Palaces were designed to serve the ceremonial and state functions of the emperor and also accommodate the private quarters. The public areas fronted the forum and housed the throne room, basilica for the emperor to dispense justice, chapel and banquet hall. The private quarters were built around another courtyard which was set at an axis to the peristyle of the official complex. 

Nero built the Domus Aurea (Golden House) in Rome (64-68 AD) which consisted of a series of pavilions and a long wing holding the living and reception rooms. These were set in a landscaped park with a lake in the center which was later filled up to build the Colosseum. The Domus Aurea was a great domed octagonal hall which broke away from the strictly right angle planning of the Greeks.

The Flavian Palace (Domus Augustana) Rome opened in 92 AD was a much more compact palace which had official rooms such as audience hall, basilica, banquet hall etc. around a peristyle court on one side and private rooms around other courts on the other side which also had a garden in the shape of a stadium. Planning of the private section was axial and symmetrical.

Hadrian’s Villa, Tivoli (118-134 AD) built in the countryside was a skillful arrangement of architectural forms and landscape elements which included coalescing of axes and unexpected vistas. Profuse use of curvilinear forms, convex and concave rooms, colonnades, water bodies were made. The creation of very original spaces based on the curve, which was a very non-classical element, was to have a very profound influence on the Baroque movement which was to come much later. Even Richard Meier has confessed to having been inspired by it in the design of the Getty Center.

Triumphal Arches

Triumphal arches with statuary and inscriptions to commemorate the feats of Roman generals were built by the Romans in the forums, intersections and entry points. Although the earliest examples date from the 2nd century BC, they are found in abundance only after the time of Augustus. They were rectangular blocks punctuated by an arch in the center, flanked by bays with columns or pilasters raised on high pedestals. The arch with a masterful keystone was capped by decorative architrave and projecting cornices. The triumphal arches served as prototypes for many church facades later on during the Renaissance period.

City Planning

The Roman empire was the product of a single expanding urban power centre and was a vast city building enterprise. It set the imprint of Rome in Europe, North Africa and Asia Minor, changing the way of life in older cities and bringing in a new kind of order. At the height of the Roman empire, Pax Romana prevailed and cities were built without walls, a tribute to the law and order existing everywhere.

The Romans received a pattern of aesthetic order from the Hellenistic cities but outdid the original in decoration and magnificence. Cities in Syria and Africa based on these principles were set up as manufacturing towns, trading centres or military garrisons. The Roman city was a rectangle with clear space inside and outside the wall. The main streets were laid along the cardinal points, the cardo running north-south and the decumannus running east-west. At the crossing of the two streets in the centre was the forum, an amalgamation of the acropolis and the agora. Other facilities such as the theatre, the arena, the baths, the public lavatories etc. became standard facilities. These were not new facilities but the Romans universalized them. 

Although 2400 ft. by 1600 ft. was considered to be the ideal city size, there were large variations: 12 acres for Basle, 50 acres for Strasbourg and Orleans, 330 for London, 494 for Autun and 660 for Nimes. The new towns were planned for a limited population, around 50,000. Rome, however, was overcrowded, congested and getting disorganized. Rome remained unique and dominant until Byzantium was nominated as the eastern capital after which the balance of the Roman state shifted to the eastern provinces.

The limited size of the new towns allowed them to be self-sufficient and maintain urban-rural balance. They had everything desirable in urban life including art and gladiatorial fights except Rome’s immensity and variety. Some of these towns in Italy and elsewhere were Naples, Bologna, Parma, Piacenza, Ostia and in the 1st century AD Como, Pavia, Verona and Florence.

The Roman’s skill in highway building was not used to improve the standard Milesian plan. All the traffic met at the centre causing congestion when it could have been diverted from the outskirts, leaving a central open space or separating the wheeled and the pedestrian traffic.

Later, in some of the big towns such as Damascus and Jerusalem, the wide shopping street with colonnades stretching indefinitely replaced the concentrated open market. The length was visually broken by the four-way arch at the centre of the crossing of the main streets. Private houses were intermixed with public buildings along these streets and the colonnades provided the interaction spaces for the inhabitants. Unlike the dark and unsafe streets of Rome, the streets of Ephesus and Antioch were lively even at night because of street lighting.

Roman engineering was exhibited in the Cloaca Maxima, the great sewer constructed in Rome in the 6th century BC when Rome was just a group of villages. The sewer later served a million population of Rome and is in use even today. While the Greeks were more preoccupied with beauty and fortification, by the 1st century AD the Roman cities had paved streets, good water supply and sewers. But in Rome the problem was that the poorer tenements did not benefit from these services and remained unhygienic. The disposal of solid waste was very poor and Rome suffered various epidemics from time to time. While the roads of the newer smaller towns were relatively wide and had separate pedestrian ways, the roads of Rome were narrow and congested. Traffic jams and noise were commonplace and wheeled traffic had to be banned in Rome which was later carried to other cities. Housing became a speculative enterprise and the poor were squeezed in cramped and fragile tenements upto ten stories high. The bloody gladiatorial fights were a direct reflection of the dehumanized life and parasitic existence suffered by the majority of the population.

Grander and grander forums were built by successive rulers in Rome where parades and assemblies were held. Vast fortunes were spent in staging public events and life became more and more parasitic. In 354 AD half the year was devoted to games while public holidays extended to more than 200 days in a year. The decadent life brought in a hollowness in the Roman empire. Rome was sacked by the barbarian armies in 410 AD and the empire began to crumble except in the eastern fringe where Byzantium carried on for another 1000 years before it finally succumbed to the Turks.

